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Pen DUC ELON 


In this fast moving world of data communications 
technology, the Coast Guard has found itself with a communi- 
cations system that is falling far behind the state-of-the- 
art systems currently available. If Coast Guard communica- 
tions is to continue to meet the needs of a quickly changing 
and dynamic environment, it needs to develop and implement 
automated systems that will support both record and data 
communications necessary in accomplishing its varied missions. 

To achieve this goal, the Coast Guard has developed a 
plan to prototype automated Communication Station (COMMSTA) 
and Communication Center (COMMCEN) systems to meet the 


Selowing objectives [l, 2]: 


1. Reduce manpower intensiveness, 

2. Establish a data collection capability, 

3. Increase message capacity without personnel increases, 
4. Incorporate the system within existing facilities, 

Ss. Be transparent to users, 

mee interface with existing circuits, and 

7. Provide data communications. 


The plan calls for the development of logical models for 
a COMMSTA and COMMCEN utilizing procedures and methods that 
are available with current technology and equipment. 


Concurrently, selected automated communications techniques, 


i 





systems, and methods that seem to have potential application 
in a Coast Guard communications system will be operationally 
tested and evaluated. Finally, the developed systems and 
techniques will be procured and incrementally implemented at 
PPOOMMSTA or COMMCEN. [1, 2] 

The Twelfth Coast Guard District has developed an auto- 
mation proposal for COMMSTA San Francisco called the Message 
Switching System (MSS), which is envisioned to meet the 
objectives for COMMSTA automation presented above. The 
proposed MSS is the subject of evaluation in this thesis. 
Chapter Ii will describe present COMMSTA San Francisco 
Operations and procedures; Chapter III will outline the 
Operational requirements of the MSS; Chapter IV will discuss 
the collection and analysis of the baseline statistics; 
Chapter V will present the development and design of the MSS 
computer model used for simulating the system in an opera- 
tional environment; Chapter VI contains the sensitivity 
analyses that were performed on the model; and Chapter VIT 


will present the conclusions of this effort. 





ie) Deocntrr iON OF COMMUNICATIONS STATION SAN FRANCISCO 


The following description of operations at the communica- 
tions station was based upon the United States Coast Guard 


Communications Station San Francisco Organization Manual. [3] 


fee COMMUNICATIONS STATION OPERATIONS 
1. Operational Mission 
Commumiications Station (COMMSTA) San Francisco is 
under the operational control of the Commander, Pacific Area 
(COMPACAREA) and the Commander, 12th Coast Guard District 
SECCGDIWELVE). Operational support is routinely provided to 
the Commander, lith Coast Guard District (CCGDELEVEN), the 
Commander, 13th Coast Guard District (CCGDTHIRTEEN), and 
other Coast Guard Commands. Specific operational functions 
are assigned as follows: 
a. Provide a rapid, reliable, and secure means to 
exercise command, control, and coordination of 
Coast Guard operations within the Pacific Maritime 
Area. 
b. Provide a rapid, reliable, and compatible means by 
which other forces, including international maritime 
and aeronautical commerce and the boating public, 


may intercommunicate with operational commanders 
whenever and wherever necessary. 


c. Guard specified international distress frequencies 
and respond to emergency signals on other 
frequencies. 

d. Disseminate weather and hydrographic information, 


storm warnings, and broadcast notice to mariners. 


de 





Participate in the AMVER program. 


Receive weather observations from government and 
non-government ships at sea. 


Provide voice, radioteletype, and radiotelegraph 
modes between operational commanders ashore and 
mobile units. 


Provide communications support for National Marine 
Fisheries Service, National Oceanographics and 
Atmospheric Administration, COMSC, and other 
government maritime activities. 


Maintain proper operating practices and procedures 
and exercise discipline on all Coast Guard circuits. 


Insure a high standard of operational and military 
readiness to readily amalgamate with the Navy 
whenever directed by the President, and serve as 
an adjunct to the Naval Communication System in 
peacetime. 


Represent COMPACAREA as the System Control Station 
(SCS) for the Pacific Area Communications System 
Cp, CArREAwCOMMSYS): “Phe specific duties of the SCS 
are: 


IME scpeGdtre tirdtanie Within the system. 


2) Monitor traffic to determine and initiate 
corrective action on procedural discrepancies. 


3) Execute frequency shifts and guard shifts ina 
timely manner to maintain communications, 
particularly during changing atmospheric 
conditions or periods of disturbed propagation. 


ime kesOlvinegadscputes incident to traffie handling 
within the system. 


5) Keep all users informed of changes to the system 
operating procedures. 


6) Maintain traffic load balance within the system. 


7) In cases of reduced capability at any system 
Stadttom, the SCS will reallocate that station's 
affected operational tasks to other stations 
within the system. 





8) When the SCS determines it is unable to meet its 
operational commitments, such as during 
communications failures, CASREPS, or heavy 
traffic periods, the SCS can delegate partial 
Sue torticonerol Go another COMMSTA an the 
system. 

1. Serve as Technical Control Station for remote MF 
operations and as such assumes ultimate responsibility 
for insuring the proper operation of all remote MF 
equipment. 

2. Personnel 
a. Concept Of Operations 

In order to accomplish the mission as outlined 
in the previous subsection, a basic watch structure has been 
established within the command to provide a full time 
response capability. The communication station must remain 
Mee fully functional status 24 hours per day, 365 days per 
year. 

bpoeoetamning Criteria 
The Commandant of the United States Coast Guard 

has authorized sufficient billets for the command to sustain 
a continuous eleven-position communications watch at the 
receiving site and a two-man technician watch at the trans- 
mitting site (see Appendix A). Electronics and teletype 
maintenance support is provided on a day work basis at the 
receiver site, with qualified personnel on call around the 
Clock to meet emergency repair requirements. In addition, 
enough support billets have been provided to maintain a 


Mmetor Officer of the Day (JOOD), a Duty Engineer, and a Duty 


seaman Watch at the Bachelor Enlisted Quarters (8EQ)/Housing 


Ls 





Area. The watchstanding allowance 1s based on the four-sec- 
tion concept of manning. Thirteen communication watch- 
standing positions have been designed into the system, but 
only those operationally required are manned. A supplementary 
watch system is utilized to assist in handling peak loading 
conditions. During a major search and rescue (SAR) case ora 
natural disaster, additional positions may require activation 
utilizing available resources as necessary. 

Go Waeen Structure 

PLemuattemesreierime as Tilustrated in Pigure 2.1 
shows the command chain of operational and administrative 
control. The Commanding Officer (CO) has the ultimate 
responsibility to ensure a proper watch 1S maintained. Under 
men cO, the Officer of the Day (OOD) exercises control over 
the transmitter and receiver site watches and the Master At 
Arms (MAA)/Junior Officer of the Day (JOOD). The MAA/JOOD 
then oversee the Duty Seaman and Duty Engineer. The 
Meeeutive Officer (XO) has only administrative control 
between the CO, OOD, and the MAA/JOOD. 
eee Configuration Of Facilities 

The receiving site building contains approximately 
8,700 square feet of space of which 3,100 square feet are 
devoted to actual receiving operations. The remainder of 
the building houses the command's administrative spaces, 


electronic repair facilities, mechanical spaces, and 


an 
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storerooms. Within the operations area, thirteen positions 
have been configured as follows: 

a. Communications Watch Officer, 

Eee cance nes. 

c. MF Distress, 

dlp NOorkine . 

oe. AMV , 

foo shnere RATT C2 )., 

g. Marine Information Broadcast, 

hee VOLeCes 

1. Air/Ground, 

i wochmibeadl Comerol , 

k. Direct Printing Radio Teletype, and 

i. Gemeral Purpose Spacew 

Nine of these positions are manned full time with 
fgesothers on a part time or "as required" basis. Each 
position, except Landline, centers around an operator's 
console which has been designed specifically by Collins 
mmo for the function of the particular position. Each 
console has the capability of addressing a special purpose 
Sempucer which controls the transmitters located at the 
transmitting site building and associated transmitting 
eerecitinas. 
A total of fifty-three receivers (42 tunable 

Collins 651S5S-1A and eleven fixed frequency R-1735/URR) are 


located in the operations area and are manually controlled 


13 





Pomene Operators. Up to four receivers may be physically 
Mecated Within each console. Through console controls, 
receivers are automatically patched by the operator to any 
desired receiving antenna. Model 37 and Model 40 tele- 
typewriters are utilized throughout the station. The 
receiving antenna system consists of nine antennas as 
follows: 

Caveman Ccaiemloe periodic (3), 

DeehHerizemeal log period (3), 

ec. Rotatable horizontal log periodic (1), and 

d. Omni-directional (2). 

A 5,700 square foot building is located at the 
meamsomitting site containing a transmitter control room, 
transmitter room, and various mechanical, repair, and 
storerooms. The transmitter room is sized to accommodate 
24 transmitters. Seventeen 10 KW HF Collins transmitters 
(URG-IT system) and three 2 KW MF AN/FRT-89 transmitters 
are presently installed. All transmitters are automatically 
tuned, controlled, and patched to the desired antenna by 
the various operators at the receiving site by means of a 
special purpose computer and a high-level RF antenna matrix 
physically located in the transmitter control room. Audio 
and control functions between the receiver and transmitter 
Site are accomplished via commercially leased landlines 
over two independent diverse paths. Fifteen antennas are 


available for transmitting: 


AES, 





pee verii1eal og periodic (3), 

Dee esorizontale too periodic (3), 

c. Rotatable log periodic (1), and 
d. Omni-directional (8). 

Medium frequency transmitters and receivers 
remotely controlled by COMMSTA San Francisco are installed 
at Astoria, Oregon, and Long Beach, California. 

me COMMalA Traffiie Flow 

The actual flow of traffic within the communica- 
tions station is diagrammed in Appendix B. These figures 
describe the possible destination of messages entering any 
one of the thirteen circuits just discussed. Appendix B 
was the basis for designing the actual model used in 
Simulating the traffic flow at the station. The details 


of this design will be presented in Chapter IV. 
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eee oko ne oeNG ofoleM OPEXKATIONAL REOUTREMENTS 


The 12th Coast Guard District has proposed a Message 
Switching System (MSS) for COMMSTA San Francisco and 
operational requirements for the system have been developed 


Memouctlined in this chapter. [4] 


Ewe GENERAL DESCRIPTION 

The Message Switching System (MSS) is conceived to be a 
Semi-automatic electronic message transfer system whose 
primary purpose is to provide for the receipt, temporary 
storage, and subsequent transmission of messages. A 
message is defined as a sequence of alphanumeric characters 
mmeespecific control function characters that convey both 
information and controls which provide for the proper 
Operation of shipboard and land station teletype terminals. 

fae following positions will be connected to the MSS: 

ieee Osition 1 MF CW 

Meee Position 2 MF CW 


pe Position 3 HF CW 


fee eosition 4 Unelassified Ship/Shore RATT 
mer osition 3S Classified Ship/Shore RATT 
fe Position 6 Broadcast 

fee rosition 7 Technical Control 

8. Position 8 SITOR (2 machines) 


“eae 





9. Position 9 Spare Booth 
10. Position 10 Air/Ground 


mee Position ll Spare 


12. Landline Command and Control - Classified 
Position 

13. Landline NAVCOMPARS - Classified Position 

14. Landline SARPAC 

1S. Spare 

16. Landline WEATHER (Leased machine) 

17. Landline Diiseriet Loop 


Classified and unclassified traffic will be handled by 
the Communication Center. A provision to recognize classi- 
fied headings and the ZNY signal is required to prevent 
classified traffic from being sent by the MSS to an 
unclassified only port. Classified traffic may only be 


sent to the Command and Control and the NAVCOMPARS positions. 


B. MESSAGE HANDLING CAPABILITIES 

mae Mao Control station will control and monitor all the 
Meee Circuits carrying inbound or outbound traffic to and 
from the station. Initially it must be a manned position 
that views all messages transmitted or received by all 
positions. However, an operator control introduced by the 
operator at any position is required to eliminate a message 
from routinely being screened by the MSS control station. 
An override of this control is also required should the MSS 
operator wish to monitor all messages from any selected 


meade 1On. 
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Two MSS control stations are required. One station is 
the primary, the other the secondary. During busy periods, 
the MSS should automatically queue messages for screening 
by either control station operator. 

Messages must be queued for screening by precedence. In 
the date-time-group (DTG) of a message, the precedence is 
indicated as Flash (F), Operational Immediate (0), Priority 
(P), or Routine (R). The date and time should be used to 
feed the highest priority and earliest DTG to the MSS 
operator first. 

All Flash messages will be processed first, by DTG. All 
Immediate traffic will be handled after Flash traffic by 
DTG. All Priority messages will be handled according to the 
time of receipt (TOR), first-in, first-out, after Flash and 
Immediate. It is a goal for all messages to be delivered 
Within the following criteria: 


im Fiash within 10 minutes, 


yee immediate within 30 minutes, 
fee Priority within 2 hours, and 
fee Routine within 6 hours. 


A Routine message held by the station for over 5 hours 
is to be queued ahead of a Priority message that has a TOR 
of less than 2 hours. Once an attempted delivery has been 
made on anexternal circuit, it should be held in file for 
10 minutes before the next attempt at delivery. Lower 


priority messages should be screened by the monitor or 
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delivered during the 10 minute hold period. Delivery 
attempts will be made every 10 minutes until accomplished. 
All incoming traffic on NAVCOMPARS, Command and Control, 
District Loop, Weather, and SARPAC will automatically be 
directed to the primary control station monitor screen. The 
monitor operator will then determine the delivery of the 
message and whether a change in message heading or format is 
required. By selecting appropriate keyboard functions, the 
message will be sent to a holding buffer pending action by 
one of the positions. Messages received from one of the 
landline positions may be retransmitted on the same or 
Meoener landline by direction of the MSS control station. 
Messages received by RATT (Radioteletype) from a line 
Meee lated with positions 4, 5, 7, 8, 9, 10, or ll should be 
routed by the MSS directly to the terminal at those posi- 
tions without automatic intervention or screening by the MSS 
controller. Traffic received by one of the above terminals 
must then be edited using appropriate word processing 
techniques and sentto the MSS for subsequent transmission on 
the line designated by the respective routing, without being 


mumeomatically received by the MSS control station. 


feiss OPERATION 
The MSS must have sufficient input and output buffers to 
translate or shift baud rates from the central processing 


unit (CPU) speed to on-line speed for the various circuits. 





i 


MSS External Circuits 


The following external circuits are to be connected 


fmemene proposed system: 


ys 


de 


0a 


NAVCOMPARS, SARPAC, Weather, District Loop (TWPL), 
and Command and Control: 1200 baud, 8 level 
Baudot circuits. 


[ow POstETons teaaad o: 75 baud (100 WPM), 8 
LeaVeleBaldor Clreuits. 


Position 6: 33 baud (40 WPM), 8 level Baudot 
Gi CCU lt. 


Boatclom UOmmmmec Daud (40 WPM), ASCII with MILSTD 
188C interface Model 40 Teletype. 


Hecielenom amen anad os 10) baud (12 WPM), ASCII 
with MILSTD 188C interface Model 40 Teletype. 


Broadcast position in conjunction with the 
Fredericks keyers for output only: 15 WPM, 5 
level Baudot. 


The SITOR position uses two machines, only one of 
which is on line at a time. In the ARQ mode, the 
output of the terminal may vary from zero to 60 
WPM and be inconsistent from character to 
character. The ARQ mode uses a built-in computer 
for error detection and corrections so that only 
CGOrrectyemaracters are Outputted. This position 
otherwise operates like a Position 4 RATT terminal 
and also requires a keyboard-to-keyboard 
conversational mode. An optimal rate of 17 baud 
has been experienced for SITOR. 


CPU Speed 


The CPU in the MSS must operate at sufficient speed 


femepedr transparent to the operator; that is, the delay 


time due to message handling by the MSS must be less than 2 


seconds when fully loaded. It must be capable of handling 


all positions and the input/output functions concurrently. 
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The CPU shall be considered to be fully loaded when 
three of the circuits in C.1l are in continuous operation 
and the remaining circuits are all on the line operating at 
80 percent duty cycle. 

At least two station-log memory units are required. 
One will be on-line at all times with the second one always 
ready to process traffic should the primary unit malfunction. 
The MSS shall be able to recall from either log unit to 
ensure continuity of operations in the event of a failure 
Momeithner unit. Failure of either on-line unit shall 
immediately be indicated at both MSS control stations. 

3. CPU Operations 

The CPU may operate in conjunction with input/output 
buffer, polling, random access, or any other technique that 
provides the necessary message receipt, sorting, filing; 
recording, forwarding to appropriate stations, editing, and 
retransmitting as directed by a position or the MSS control 
station with a handling delay of less than 2 seconds between 
Operator command and attendant message delivery. 

vee cr Usnumet Ons 

Pht wetent stordgte im the form of input/output 

buifers and on-line random access memory must be available 
to hold the messages being received and pending delivery. 
More storage must be available to record all transactions 
on adaily basis. This may be accomplished by magnetic tape 


mama disk that records a copy of all incoming traffic from 
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peeeircuits and all outgoing traffic on all circuits. This 
will become the radio log which is retained for 30 days. 
The storage medium must be eraseable locally and reuseable 
for at least 5 years. 
The MSS shall automatically append the following 

on all messages received on incoming circuits: 

1. Time of receipt (TOR), 

fe Date and time using 24 hour ZULU time clock, 

ee incoming circuit designation in code, and 


4, Consecutive station number for messages on that 
Sil clea 


These message statistics shall be made available to the 
various position terminals, but shall not be retransmitted 
Smeoutsoing lines. 
Dipemtisoeshalt automatically append the following 
on all messages being transmitted: 
1. Time of delivery (TOD) and 


2. Date and time message completed transmission on an 
ieee] eect Cul ts 


The TOD shall be appended to the copy of the message stored 
[aeeede Station log. It must not be transmitted on the 
outgoing line. 

Each time the MSS attempts to deliver a message 
Sither to an interior position or to an outgoing line and is 
unable to complete delivery, it shall append an Attempted 
Delivery Time (ADT) to the message in file. This data should 
De a part of the message permanently on file with the station 


Oc. 


S 
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All messages designated for transmission on 
NAVCOMPARS shall undergo a format check by the MSS prior to 
transmission. The format check shall be for conformance 
with the requirements of JANAP 128(H) for Heading, End of 
Message, and End of Text format lines. Variable data will 
be inserted by the position monitor, but the MSS shall check 
characters, spaces, functions for consistency, and any 
Special requirements. 

The MSS shall have a means of knowing the date, 
Julian date, and the time expressed in Greenwich Mean Time 
M2u5U). This date and time will be used for TOR, TOD, and 
date for heading generating for consistency checks above. 

The MSS shall keep track of the number of 
messages residing in an input/output buffer awaiting action 
by the operator at any position. This data should be displayed 
on the position screen on command. The data should include 
the number of Flash, Immediate, Priority, and Routine 
messages pending, and the number of outgoing messages from the 
Station that still are pending delivery. Through an appro- 
priate operator generated keyboard control, the operator 
Shall be able to retrieve an undelivered message, cancel the 
delivery order, and order a different method of delivery. 

A conversational mode is required whereby the 
CPU connects certain incoming messages directly to the RATT 
position and the RATT position directly to its transmitter 


for keyboard-to-keyboard conversation. No automatic function 
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will be appended during keyboard-to-keyboard mode; however, 
all characters sent and received shall be stored in the 
station log. This mode is to be a special operator 


called-up function that essentially bypasses the CPU monitor. 


fee CPU REDUNDANCY 

Sufficient spare boards or a spare CPU must be provided 
so that in the event of failure and with the aid of software 
diagnostics, the CPU failure can be repaired in less than 10 


minutes by the radioman on watch. 


fee SUPPORT SOFTWARE 
1. Recovery/Restart 
Appropriate routines must be available so that in 
the event of a failure in the MSS, restart would be executed 
without the loss of any messages in the MSS. The restart 
program must restart all sequence counters, i1.e., station 
number, at the same place where the failure occurred. 
2. Radio Day Change 
At midnight the following statistics shall be filed 
in memory on the station log: 
ae f@ tal Message anput to each position, 
Bb. iOtal message output from each position, 
ec. Total message received on external circuits, 
d. Total messages sent on external circuits, and 


e. Total number of messages pending delivery. 
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Once this data is stored, all sequence numbers are 
zeroed. These statistics shall also be addressable by the 
MSS control stations. 

The MSS requirements presented in this chapter were 
used in designing the parameters that were used in the 


Simulation model described in detail in Chapter V. 





foo worn baonGtNe STATISTICS 


Poe PURPOSE 

The gathering of relevant statistics is very important 
in modeling a system of any type using a special-purpose 
language such as GPSS V (General Purpose Simulation System, 
Version V). GPSS V was chosen as the programming language 
for the traffic flow model because of its ability to sample 
from any given distribution function when generating input 
transactions, such as messages. It 1s a very compact 
language and uses relatively few statements, which makes it 
an easy language to learn and apply. 

COMMSTA San Francisco is basically a "torn tape" message 
relay station; that 18, messages are received via teletype 
or carrier wave (CW) transmission, a tape is cut and put on 
the teletype of the outgoing circuit, and the message is 
sent out. The only message statistics presently gathered 
are landline traffic totals sent and received on a monthly 
basis. Also, most messages are retained for only 30 days 


Defore they are destroyed. 


PeeeemGlHOD OF DATA CAPTURE 
The task of capturing the needed data for the proposed 
traffic flow model was a formidable one. Four pieces of 


information were needed concerning each message transaction 
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for each incoming circuit for entry into the model: 

1. Message interarrival rate, 

2. Message precedence, 

3. Message length, and 

4. Message destination. 

The gathering of this information entailed looking at 
every message that came in or came out of the COMMSTA on a 
given day. Through the help of watchstanders, this data was 
collected for the period 1-7 July 1982 using the form shown 
in Appendix C. These data were then analyzed and used as the 


message statistics for a "typical" week. 


Meee RESULTS OF STATISTICAL ANALYSIS 

The baseline statistics were analyzed and put into a 
form that would be useable in the simulation program. 
Instead of taking an overall seven day average of message 
interarrival rates and message lengths, only data for the 
day that contained the most messages for any particular 
circuit was used. This was done to be "conservative" in 
estimating message input statistics for the model. All data 
for message priority and destination over the seven day 
period were utilized for analysis. 

Table I summarizes the results of the baseline statisti- 
Gal analysis for the NAVCOMPARS circuit. Appendix D contains 
Beeestatistical summaries of all other COMMSTA circuits used 


in the simulation model. Each summary is divided into four 
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TABLE I 


NAVCOMPARS Statistics 


Arrival No, On Relative Cumulative 
Interval Msgs Frequency Frequency 
a= 9 20 aoe We 2 
190 - 10 26 Feeyte 0 
ay —- 29 aie SLE ~86 
fo - 39 5 nO 7 83 
KO - 49 a oul oo 
mao - 59 3 Ou Od 
Message NO oe © Relative Cumulative 
Length Msgs Peequeney Frequency 
0 - 10 35 45 45 
20 - 39 aa so 80 
40 - 59 4 05 B05 
60 - 79 3 .O4 89 
oo - 99 0 00 89 
meg - 119 0 00 89 
moe - 139 0 00 89 
140 - 159 8 10 100 
Message Nog Relative Cumulative 
Precedence Msgs Frequency Frequency 
Z a 02 02 
Q 7 2 14 
ie 28 48 NO Z 
R oe aoc 100 
Message Norn or Relative Cumulative 
Destination Msgs Frequency Frequency 
mE / CW 2 20.3 UNS 
HF/CW 2 3 .06 
Sens S/S 16 24 . 30 
merAS 3/5 24 S10 a69 
AIR/GROUND 1 O1 IO 
BuTOR 2 03 158 
INHOUSE 17 ae 94 
he BCST 2 U3 7 
200 KHz 2 03 ie0he 
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eategories: (1) Arrival Interval, (2) Message Length, 

(3) Message Precedence, and (4) Message Destination. The 
arrival interval was measured in minutes throughout the 
model. The unit of message length used for measurement was 
a line of text. 

The meaning of the data in Table I will now be explained. 
Under the column labeled Arrival Interval, the first line 
entry indicates that 22 NAVCOMPARS messages arrived in the 
system within 0 to 9 minutes of the previous message received. 
The relative frequency of messages that occurred in this 
interval was 0.32. The cumulative frequency, which is vitally 
important to the simulation model, is simply a cumulative 
total of the relative frequencies. This information ls used 
to form the probability distribution of message arrivals and 
is used by GPSS in generating the message inputs for the 
model. Similar probability distributions are formed for the 
length, in lines of text, of the arriving messages, their 
precedence, and their destination within the system. The 
next chapter discusses in more detail how these statistics 


are incorporated into the design of the simulation program. 
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Joao Ve ObEL) OF THE MSS 


owe MODEL DESCRIPTION 
1. General Purpose System Simulator 

Like any model, the one presented in this chapter is 
not perfect, but every effort was made to design it as 
closely to the proposed MSS as possible. Due to the con- 
straint of time and the limited programming skills of the 
author, several simplifying assumptions were made in the 
model design. The input and output queues connected to the 
CPU queue were separate entities in the model. In reality, 
each queue connected to the CPU will function as both an 
input and output queue. The contents of each output queue 
and the CPU are ordered by precedence and are transmitted 
Mens the First-In, First-Out (FIFO) methodology. There is 
no provision for the model to drop everything whenever a 
Flash or special precedence message arrives and to process 
it immediately, interrupting any message that is being 
transmitted at the time. 

The MSS is to have both a primary and a secondary 
CPU. This medel is designed only for primary CPU operation 
Memrind Out what kind of traffic load it can handle alone. 
The model is designed for operating under the assumption 
that the CPU operator must view each incoming and outgoing 


message in the system. 
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The General Purpose System Simulator (GPSS) was 
chosen to approximate the envisioned characteristics of the 
proposed Message Switching System (MSS). The ease and 
flexibility of GPSS lends itself quite nicely to modeling the 
MSS as closely as possible. However, many assumptions were 
needed for simplification of some system characteristics, as 
will be explained in this chapter. 

GPSS is a simulation programming language used to 
build computer models for discrete-event simulations. It 
offers programming convenience because the GPSS simulator 
itself accomplishes many tasks automatically which would 
otherwise be left to the model builder. This language 
implicitly and unobtrusively collects data describing a 
model's simulated behavior, then automatically prints out 
summaries of this data at the end of a simulation in an 
easy~to-~read format. It also maintains a simulated clock, 
schedules events to occur in future simulated time, causes 
these events to occur in the proper, time-ordered sequence, 
and provides a means of assigning relative priorities to be 
used in resolving time ties. [5] 

GPSS is structured as a block-oriented language 
Since the use of flow charts to describe a system is well 
known and accepted. These blocks are defined to model the 
dynamic components of a system. Units of traffic in the 


model are called transactions. Thus, the transactions move 
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through the model under control of the blocks and are 
created and destroyed as required. [6] 
een Cee GameOnece De 

Essentially, many characteristics of the envisioned 
MSS allow for the system to be modeled as a message switch 
with a store-and-forward capability in that the entire 
message 1s transmitted to a centrally located node or CPU, 
where it is stored as long as necessary, until an appropriate 
connection can be made with its destination. Such a message 
Switch has the responsibility to provide rapid, reliable, 
and secure means to deliver messages. This was the concept 
used in the basic model design as illustrated in Figure 5.1 

foeapecitic Model Attributes 

The basic model design has just been presented and 
will now be further broken down into its more specific 
attributes. (Refer to the program listing in Appendix E£). 

a. Message Generation 

All transactions enter the model by means of the 

GENERATE statement. As a transaction enters the model, the 
processor schedules the arrival of the next transaction by 
randomly sampling from the interarrival-time distribution, 
and adding this sampled value to the simulation clock's 
current value. When this future time is reached, another 
transaction enters into the model through the GENERATE 


statement, and so on. [5] The interarrival rate for each 
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MESSAGE (TRANSACTION) 





ies OWLTCH 


aie CPU QUEUE 


Dae FE ORPRECEE YEON 
MicehoowbY PRECDDEACE LEVEL. (FIFO) 
DELAY FOR OPERATOR INTERVENTION 

ASSIGN OUTPUT CHANNEL 










Pek OUTEUT QUEUE 
BoeeGesoose EEO WITHEN PRECEDENCE 
IEW Eres 


DELAY FOR TRANSMISSION 


REMOVE TRANSACTION FROM MODEL 





Pigure 5.1 Basic Model Flow Path 





type of message is listed at the beginning of the program 
listing using the FUNCTION statement. These values were 
obtained from Appendix D. 

b. Message Priority (or Precedence) 

A new transaction is assigned a priority level 
through a random sampling of a priority level distribution 
using the FUNCTION statement. This information is listed at 
the beginning of the program listing and was obtained from 
Appendix D. In GPSS, 128 different priority levels are 
possible; however, this model uses only four, each of which 
is assigned a numerical value: Flash = 4, Immediate = 3, 
Priority = 2, and Routine = 1. As each transaction enters 
a queue, it is serviced first-in, first-out (FIFO) by its 
priority level. [5] 

c. Message Length 

A random sampling of the probability distribution 
for message length is made and assigned to each transaction 
as it enters the system by use of the ASSIGN statement. 

The value obtained is the probabilistic number of lines of 
text of the message. FUNCTION statements are used to list 
the distributions in the program. These statistics came from 
Appendix D. 

d. Message Destination 

Each transaction 1S assigned a numerical value 
that indicates its destination according toc Table II. The 


ASSIGN statement generates this value through random 
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sampling of a given probability distribution in the FUNCTION 
statement. Appendix D contains these distribution 
statistics. 
2, Ciagemage Speed 

Fach circuit has a given baud rate that is needed 
when calculating the delays for reception and transmission. 
Table III lists each circuit and its baud rate. In the 
VARIABLE statements, the variable P2 1s the message length 
and is divided by the line/minute rate of the particular 
S@eeuit. This calculation yields a value in minutes which is 
then used for the message delay time. For example, a circuit 
with a baud rate of 75 and a message length of 25 lines would 
be computed as follows: (Assume 34 characters/line and 10 


mes / character) 


Doray Time = 25 lines ™ 34 char/line * 10 bits/char 
(5@51ts/sec * 60 sec/min 


= LSouminutes 


The ASSIGN statement 1S again used to assign 
this value to each message transaction. Because the smallest 
incremental unit of the model is an integer minute, the 
above computed delay would become 2 minutes for the 
Simulation process. 
f. Additional Considerations 
Fach generated transaction 1s sent to the CPU 


gueue (QCPU) via a TRANSFER statement. The QUEUE, SEIZz, 
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TABLE if 


Numerical Message Destination Assignments 


Numerical Assignments Cimeu itt 


NAVCOMPARS 

SARRAC 

MF / CW 

HF/ CW 

CLASS 9s7S5. RATE 
UNEEASS S/S RATT 
WEATHER 
AIR/GROUND 

SITOR 

10 (i iieoore tLe! OOP ) 
vb TNHOUSE 

eZ AE ei wien.> | 

i COMMAND & CONTROL 


OOnNMNONF WN EE 


WABGE Lit 


Circuit Baud Rates 


Saecult Baud Rate 
NAVCOMPARS 1200 
SARPAC 12700 
ie/ CW 10 
HF/CW 10 
ess S/S RATT 165 
meeLASS S/S RATT TS 
WEATHER 12.00 
AIR/GROUND 33 
SCOR es 
TWPL Pou 
PmwaOUSE 1200 
ee SROADCAST 5 
COMMAND §& CONTROL 1200 
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and DEPART statements allow for only one transaction to be 
processed at a time while other transactions wait in a queue 
for processing. Also, useful statistics are gathered at 
this point to be printed after simulation is complete. 

The TABULATE statement allows for the gathering 
of additional statistics that the model builder deems useful 
to his analysis. The ADVANCE statement is used to incorporate 
the delays due to reception (discussed in paragraph A.3.e) 
and operator intervention. Assuming a "manual" mode of 
operation where the operator must see every message received 
Meme CPU and perform some processing on it, a delay of one 
minute was used. 

Next the transaction is processed and exits the 
Bewequeue by use of the RELEASE statement and must be sent 
meets destination, or output queue. The TEST statement 
compares the value of Pl (the message destination) with a 
given value, and if the two values are equal it transfers 
that transaction to the appropriate output queue. 

Each output queue processes a transaction in the 
same way just described for the CPU queue, except that the 
message is terminated by the model after it leaves the output 
queue since its final destination is not relevant to the 


Saepulation. 
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fee, MODEL OUTPUT 

GPSS provides built-in statistics gathering capabilities 
in an easy-to-read format. The output of GPSS simulation 
mmewudes statistics on the utilization of facilities, 
storages, and queues. [5] 

Additional information pertaining to the following cate- 
gories was desired: 

1. The origin of messages into the CPU queue. 

2. The origin of messages into each output queue. 

per, che queue contents of the CPU. 

4. The transit time of messages in the model. 

The above statistics were gathered by the use of the 
TABLE and TABULATE statements. This information was found 
membe useful in judging the validity of the model by 
observing the distribution of messages that enter the CPU 
and how these messages are distributed to the various output 
queues. Of great importance is knowledge concerning how 
many messages are waiting in the CPU queue for processing. 
This model uses only a single CPU, whereas the provosed MSS 
is to have a primary and secondary CPU. Information on the 
time a transaction takes to move through the model from the 
jeme Of reception to the time of transmission (called the 
transit time) was desired to compare message delays in the 


model. 





imeadadtelom to tabular Output, 1t was thought useful to 
augment this information with graphical representations of 


the statistics to facilitate comparison of the data. 


See NALYSIS OF BASELINE MODEL RESULTS 

The traffic flow simulated within the model for the 
baseline case of statistics, as presented in Chapter IV, will 
be referred to as Throughput State I. This simulation was 
run over a simulated 7 day period. The output collected 
information concerning the origin of messages into the CPU 
queue (Figure 5.2), the number of message entries into each 
@ieput gueue (Figure 5.3), the queue contents of the CPU 
queue (Figure 5.4), and the transit time of messages in the 
system (Figure 5.5). 

Figure 5.2 graphically displays that most of the generated 
messages received by the CPU queue originated from the HF/CW 
eircuit. From Figure 5.3 it can be observed that the 
NAVCOMPARS and WEATHER output queues received the most 
messages transmitted from the CPU queue. From Figure 5.4 it 
can be seen that the CPU queue had a maximum of one message 
transaction in its contents 99.10 percent of the time during 
the one day period. Figure 5.5 reveals that the average 
transit time for all messages was 2.674 minutes and that the 
maximum transit time needed by any message was 53 minutes. 

The output statistics over the entire 7 day period were 


Seepned for the maximum CPU contents (Figure 5.6), the 
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average message transit time in the system (Figure 5.7), and 
the maximum message transit time in the system (Figure 5.8). 

It can be observed from Figure 5.6 that the maximum CPU 
queue contents over the 7 day period were 4 messages, and 
that occurred only on one day. Figure 5.7 showed that the 
average message transit time was under 3 minutes for the 
entire period. The maximum message transit time over the 7 
day period is shown in Figure 5.8 to be less than 80 minutes. 

Additionally, Appendix F contains information regarding 
the origin or messages into each output queue for the day 
that generated the maximum number of messages over the period 
of simulation. In Appendix G is found the transit times 
for each type of message in the system. 

The results of the graphical analysis seem reasonable 
and are well within the operating parameters of the MSS. 
Knowing that the traffic load could easily double or triple 
under certain circumstances makes it necessary to perform a 
sensitivity analysis on the model. This will be the subject 


Bethe tollowing chapter. 
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ecko ivi ly ANALYSIS OF MODEL 


Eye PURPOSE 

sensitivity analysis 1s a very important part of any 
Simulation model to determine how a change in the inputs 
will affect the output. For the system presented here, 
particularly since it is a traffic flow model, the communi- 
cator is always interested in how a change in the message 
workload will affect the ability of the system to process 
and deliver the information. This chapter will describe 
how an analysis was performed on the model and what the 
results of that analysis were. 

Sensitivity analysis was performed on message inter- 
arrival rates and message destinations. No sensitivity 
analysis was performed for the precedence or length para- 
meters of the model. Because the model does not collect 
data concerning message precedence as an output statistic, 
analysis of this parameter is not available. Casual 
Observation suggests that message length has not changed 
Over the past several years and, additionally, is not 
expected to change significantly in the future under MSS. 
Consequently, message length was not selected as a parameter 


for sensitivity analysis. 
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Bee MESSAGE INTERARRIVAL RATES 

The methodology utilized to simulate an increase in the 
message load was to decrease the length of the time for each 
interval of the probability distribution in the interarrival 
input statistic. For example, if 10 messages were received 
in a 10 minute interval, decreasing that interval by one 
minute (or 10 percent) to 9 minutes would simulate 10 
messages received in 9 minutes. This computes to an increase 
Or ll percent in the traffic load. Each time interval in the 
probability distribution was recomputed in the same way. 

Simulation runs were performed for traffic load increases 
Oil percent, 25 percent, 43 percent, and 67 percent with 
results that were not significantly different from the base- 
line case, or Throughput State I. The details of these 
results will not be presented in this paper, as they were 
inconclusive. However, it was discovered that traffic load 
increases of 100 percent, 150 percent, and 233 percent did 
Significantly change the output results of the model. The 
increases will be referred to as Throughput State II, 
mmeoushput State JIL, and Throughput State IV, respectively. 
Memmemdices H, [, and J contain the respective input statistics 
for each of these states. 

The results of the simulation runs for Throughput States 
if through IV are summarized graphically in Figures 6.1 


through 6.9. For each state, grapns are presented to show 
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the maximum CPU queue contents, the average message transit 
time, and the maximum message transit time. 

Figure 6.1 shows that the maximum CPU queue contents for 
each day in State II was 4 messages. The observed average 
message transit time for this state in Figure 6.2 can be 
seen to be between 3 and 4 minutes. From Figure 6.3 the 
maximum message transit time for State II is 80 minutes. In 
Figure 6.4 it is observed that the maximum CPU queue contents 
are 8 messages over the 7 day period for State III. The 
average message transit time 1s still between 3 and 4 minutes 
as seen in Figure 6.5. Figure 6.6 shows the maximum message 
transit time in State III to be less than 90 minutes. 

An interesting upward trend 1s observed for the maximum 
Seeequeue contents in Figure 6.7 for State IV. A maximum of 
63 messages 1s reached by the 7th day of simulation. The 
average message transit time graphed in Figure 6.8 also 
shows an upward trend over the same period to a peak of over 
40 minutes. Figure 6.9 shows a Similar behavior for the 
maximum message transit time in State IV. Here the transit 
time reaches its peak value on the 7th day of almost 250 
minutes. 

Figure 6.10 1s a graphical representation of the maximum 
CPU contents over the 7 day simulation period for each 
throughput state. It was observed that between states III 


and 1V, the contents of the CPU increased dramatically. 
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fee MESSAGE DESTINATION 

In performing the sensitivity analysis for message 
destination, a slow speed circuit was chosen to see what 
would happed if a large shift in the destination of messages 
on that one circuit occurred. Imagine the following 
Scenario: A merchant vessel in the Pacific Ocean has an 
emergency and requests help via the SITOR terminal. The 
COMMSTA, which has the guard for the ship, receives its 
transmission, and immediately relays the message over the 
NAVCOMPARS and/or SARPAC circuits, as illustrated on the 
Traffic Flow Diagram in Appendix B for the SITOR circuit. 

Of course, messages would be flowing back to the ship 
according to the Traffic Flow Diagrams for the NAVCOMPARS 
meme oARPAC circuits. 

To simulate this change, the probability distributions 
for NAVCOMPARS, SARPAC, and SITOR message destinations were 
modified to reflect a shift in message destinations 
according to the above scenario. A 200 percent change in 
message destinations over the SITOR circuit was used for 
computing this shift over the course of a week, l.e., the 
Statistic for the baseline message destination for SITOR was 
Memmi 50,2/1,7. After the shift, it became .63,1/.79,2/1,7 
(see Table II for numerical assignment of message destinations). 

In Figure 6.11 it was observed that the maximum CPU 
@eeue contents for the SITOR scenario did not change 


Significantly from that observed for the baseline case in 
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Figure 5.6. The same observation was made with Figure 6.12, 
the average message transit time, and Figure 6.13, the 
maximum message transit time for the SITOR scenario. In all 
three cases, there was no significant difference from the 


baseline case presented in Chapter V. 
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VIE. SUMMARY AND CONCLUSIONS 


eee SUMMARY 

The results of the model simulation for the baseline 
case in Chapter III showed the maximum contents of the CPU 
queue over a 7 day period to be 4 messages at any one given 
time. The average transit time for messages in the model 
was between 2 and 3 minutes with the maximum message transit 
time found to be less than 80 minutes. 

The sensitivity analysis performed on the message 
interarrival rate revealed a dramatic increase in the 
maximum CPU contents when the traffic load was increased 
over 150 percent (Throughput State III) from the baseline 
case (Throughput State I). Significant increases were also 
noted in the average and maximum message transit times. 

A shift in the message destination probability 
distribution was found to insignificantly change the output 


m_——ret ics from the baseline results. 


fee CONCLUSIONS 

Based upon the results of the model simulations for 
Waretous increases in traffic throughput, the proposed MSS 
Should perform well within the specified operational 
requirements presented in Chapter III. Single CPU operation 


Meee be efficient up to a throughput increase of 150 


Pemeent. Above that level, utilization of the secondary CPU 
will be necessary to maintain satisfactory processing of 
message traffic in the system. 

It should be noted that this was the first attempt to 
model the proposed MSS. As such, the model was very useful 
for simple analyses, but should the need for a more detailed 


analysis arise, a better model will be necessary. 
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APPENDIX A 
This appendix contains the Personnel Allowance List for 


COMMSTA San Francisco. 
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APPENDIX B 


This appendix contains the traffic flow diagrams that 
were used in designing the simulaticn model for COMMSTA San 


Francisco. 
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AMPENDIAX C 


This appendix contains a copy of the form that was 
used in collecting the statistics from the COMMSTA daily 
traffic files that were needed as inputs to the simulation 


model. 
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Communication System 
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APPENDIX D 


This appendix contains summaries of the statistics 
Semtected from COMMSTA San Francisco for the period 1 to 7 


July 1982. 
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ee ed Noe. Of Relative Cumulative 
Lengtna Nsqs rrequency Frequency 
0-9 0 oo 00 
10 - 19 5 sto S15 
ey - 29 15 45 - 60 
30 - 39 9 aon 87 
“QO - 49 0 - 00 oo! 
oo ~ 59 1 203 oO 
60 - 59 2 - 06 96 
70 - 79 1 ao soo 
Messege No.of Relative Cumuiative 
Precedence Msgs PE equency Frequency 
Z 0 oe 700 
0 1 e070 07 
D 9 0 Our 
R S soo ado 
Messeg2. Wien eng Relative Cumulative 
Destine zon asqs Frequency ZSTEGuency 
NAVCOM PARS 15 ‘tS ils 
Sone A 1 0D ot0U 
CLAS 1 ~05 wes 
[wCLAS S/S 1 20> 90 
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TWEL 1 se 1.09 
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QO - 24 5 224 224 
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51 ~ 74 Z 10 67 
ma - 99 2 td IT 
100 - 124 5 214 a 
mom) - 149 1 05 2G 
mo - 174 0 Ou - 96 
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COMMAND Se CONTROL Statistics 
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This appendix contains the program listing for the 
Simulation model that was designed to simulate the proposed 


HSS . 
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This appendix contains the transit times for each type 
of message in the system for the day that generated the 


most message entries over the simulated week. 


de 





NCPR MESSAGE TRANSIT TIME IN SYSTEM 


NON-hEIGHTED 


=A 


SUM GF ARGU 


0436 


STANQAKD OEVIATION 


- 


handing ll 
sam ¢ 
=“ nd 


ARGI ' 


MEAN 


zl 
<{ ™ <1 
mr uly TSOP ON 
=~ J @ 0 @ 
qa «tour 
—= 
>O 
thd 
Die 


WW OS 
7>U eee 
m<f OO 
He OP D 
<2 ~ 
i J 
aw 
=x 
Sl 
J &.. 


~- O08 
a2eiinnwn 
Uk 8 8 6 
wo ON 
hao Same 


ao 


C}rPemm 
wm 
vam 

@ UL 


O8 SF 
FRE QU 


Khe a A 


ax 
oj -_ 


— at 


REMAINING FREQUENCIFS ARE ALL ZERO 


THROUGHPUT STATE 1 


#o6 
SCHSEHSEEE HEE HES HTESHMASESHSHREFEEESE SHEE SES SESEEES ESE SEEEEERESEHEHE HEHE SHERHEEEEEEHEEEE SE EEFEEE HE 


@tnoete gee toaogqgeseseeaesteeeaeaPtavoesteasteeseeaeteereeeeneo 


e 


* 


PeGeeRPe SHG PSSeGCHeeeestoe te Fore eseseeoseeegge#weeseseteoosges 


* 
* 


* 
SPs seFGeaegStFFseest ots sees HetFseaeesesesevesesFeteenesesesegqgse eevee 


fo] 
“ 
= 


So 


° 
Q 


eo 
re ad 


© 
S 


= 
Pm 


L42 


Oo 
3o 


© 
uN 


o 
vr 


S 
ca 


© 
™ 


So 


So 


15 


14 


13 


12 


Il 


10 


IN MINUTES 
OF MESSAGES PER TRANSIT TIME 


TRANSIT TIME 
NO. 


K AXIS: 
VY AXIS: 





SARP MESSAGE TRANSIT TIVE IN SYSTEM 


hON-WEIGHTED 


103.600 


SUM OF ARGUMENTS 


0945 


STANDARD DEVIATION 


1.226 


ARGUMENT 


MEAN 


TASLE 
84 


TABLT 


ES IN 


wu -— 
oe 
ce 
<= 


Oak FDA 
— <tr 
le PPNO 
=— Fe © @ @ 
< 4 =e WN 
= 
>OQ 
had OL 
SS tte 


i OP Nand ON 
a <T er op wD 
arwdorn 
—E © e @ @ 
oa aye 
md Ld 


LA LI = FOO 
>~>I2 ee @ @ 
mi NO DO 
me STTFO 
zz ~ 
md hd 
DW 
z=xz 
asked 
ap Oe 


= ww PFDOOH 
aa SAMs 
Lisp e¢« 8 @ @ 
a NP Net 
= DO 


ad UL, 
20 


Ze AIO 


ax 
a, = 
> a 


REMAINING FREQUENCIES ARE ALL ZERO 


TAROUGHPUT STATE I 


e@eenret?eeaaeezeseqe eeeac 


° 


4 5 o q 3 9 10 Ll i2 13 14 15 


3 


oe 
SOSH HOSE HESS SEE SHHEKESEHSEEKESEOCEESEEEEEEGEEE4EESEHHEHEEE4EEE E446 EHS EEEEHEEEEEHHEEEEKHEEEEHEEES 


2 


eed ee 
* 
#@n af @ 


Pea Pe ePeaeteeeaete ee OP EG 
* 


FRSHHSPHH See FPH#HReeteseeseHectoe Fee ee to 


* 


4 
* 


Hesse Ge seg eet eat sse SOAPS Se CHE SHEHSBH FOR KLEHSHHOB AHA 


<o 
vt 


Dp 
B 


o 
xz 


A 
~~ 


w- 
< 


] 
a) 


L43 


2 
wv 


c 
Sd 


N - 8 2 °o 
7“ ™N ~— 


I\ MINUTES 
UF MESSAGES PER TRANSIT TIME 


TRANSIT TIME 
NO, 


XK AXIS: 
Y AXIS: 





ME/CW MESSAGE TRANSIT TIME IN SYSTEM 


NUN-WEIGHTEO 


66.C00 


SUM OF ARGUMENTS 


3-316 


STANDARD Ot VIATION 


ARGUMENT 
16.500 


“MEAN 


2 LTMING DP OTK MSS DD VU HBANOONAW 
et OO DY OUI DS AOI AT 
om td SAT MP we OSTA OMIT MP tet pe 
—Feeeetesereeteeee se @e © @ @ @ @ 


< FKP POA ON NA ee ectemtont fff = 
ww2R te tree eee eg 

> 

bbs OC 

Oh 

Ly Dat at IAAL ETA ODOM DPRK OD—anN 
as OND PSONT IPO INET LP DBIANO Ne 
Q& sOmeVADN TS PAD OM ™ ET POOO—MN 
~F et eet eseer ees ese Fee eeoese @ 
-_ — ee 
dik 

2O 

= 


Wer DOC S932 O9737 000 0R7030C6CO 


~>us ee @Geoeseeses es Fe Feeet#eetee 
= SOD PMODBMNMOS BDBASHANVAHGARAHAASN 
reo DSO TDOONOOSC DS Oe Pe NNN 


WU OOOOSCSOSSS3COCO°0s80089S 


>Weeeoetovreeevevee eer et eve @ 


=—e <f ADA AA ABBAS 

— NNN me 

tZ2 ~— 

md hd 

SU 

ry 

> us 

wo 

m= JOOMATASCCCSOEOQOCceoosaeoes3 

2ZOOCSCOOCCOSOCCTOOC OOOO 8eO 

iim @ @ @ eo ee ee esesesest eee 

wD WN So ww 

— N | “ 

ax 

Nd Cll 

ao 
ce 
x 
Nad) 
Pd 

Cre Coc CecoeCeoceKe axQCcconoce 

LW ad 

ma J 

aw <_< 

=) 

“yz id 

oD x 

Ox <_< 

ae 

“A 
UJ 
= 
=] 
* 

CL dee SAE PUN OM OS MUM FS OM DOOD 

Lad ome mad ord BO rd omed owed ord oxet ang oma SJ 

az ad 

Q, ame am 

=a bbe 
wo 
a 
= 
= 
= 
<_ 
z 
‘hs 
am 


THRUUGHPUT STATE 1 


eons 
oit@ 


SPRHSFHSSSHSASHAAHHHSSEHsHA#*AAS*ESSs#AVSH VED SD HE 


> 


® 


144 


Ld 


0 


a 


+r 


a 


~ 


— 


4 13 14% 15 


il 


LO 


DQ SEES HEHE STROSS EEES FEEE SEREEHED EEE SEFET EE EEE ESET ESHER HE EHEESEEFEEEEEEEEESCEFE HOES EHSEEEESEEEEEHEEEEOE OE 
6 


IN MINUTES 


TRANSIT TIME 


X AXISS8 
Y AXIS 


OF MESSAGES PER TRANSIT TIME 


NO. 


7. 
e 


HF /Ce MESSAGE TRANSIT TIME TN SYSTEM 


NON-wEIGHTEO 


SUM OF ARoU 


STANDARD DEV 


iinet 
> a | 
So 


Om 


I 


MEAN AR 


LLZF INA UNA UNORM NO op ae Fat et es PM 
LJ <I ATE DON AIM PON FAM PONS TING SENDING 
ae NPN Ne DO Oe QP IN Ni ee) Dm PDS Qh 
maeeeee eee ete ereeereeneeeree ee eee ¢ @ 
ae Te ts ee ee ee 


wFEi pride 
>O 


uj 
Qa 


Us NAA CO DO MNS DOM PO AAS AD DAFONM TS 
Vw met NAA PT PAA OM MO DPF AOD ee VUNG S 
~~ © @ fe eteeeeeeeteeee ee eee te tee te 
— ed oe) et ed ed ot oe ot etd 
dt whe 

2O 

x 


ULOOBS 90697790293 0676 2925903590000 
> uw © © € ee eereet*eeveeeeeereeteteeeteee ese 
Sime e =) ee) aia) was leleleilelele tole le leteiote lve lola Ke) 
mar OD DOO SOBA ADPABHAD AD AD ABO DIS 
OT ee et eset ed wee eet aed ed etd eed 


—< 
=z 
=z us 
~= 
Soa 


i) ele ehplolelaloln ole) talelelei rile efelel alelslalajlel «| 
= 5S ec eo oem ewe wm wow ewe wee em eww ee ewe eee e 
wml CO3990909000 0937009730 
= ALS NS RUS SS LS SL US U US S 


Pad od 


Seats Se Se OM ma oI OCOOCOCaACoOecosaoo 
2jaqorcooc re ccoeooocococMecsacocoo0o°o 
uUupee@eeteeeoeeteetreeereeereereeeenert ee @ 
ww O i] S 
-— ws LN 
e& 
{tad Nadas 
ag 
= 
x 
Ls 
Ped 
Qryecoceocecccomoccococecoccoceccon 
Www = 
> = 
mus << 
uae 
wc uJ 
oud x 
Ca < 
ade 
WV 
edad 
fad 
= 
OF AF FI SMOPO MM FAOM TEP Cause ndn~ OD 
th omen nt ond ont od emt et we oes ees OI OE CU CUO NC 
ax ua 
aA =z 
=a \obe 
oo 
z 
= 
= 
= 
< 
= 
‘aa 
x 


t~ 


WS 





OE 6c Be 


SHAPSHSSHSSSHESHRSHHSSESSEHESHHESHTSHTHEH ETS HHEEHR SEH SESHTESHSHRAPHEEHEE HS OHTH ESOS HEE HHH OE ES DEE HEHES SEE HEHES EOD ES OeFSHAEHHHHHTEEEHHEEESE HSH HOD 


+ 
+? 
*¢ 
ef 


he We 3Ge Ye 182.77 ie Ce GI FI 


T 31¥V4S INdHONOWHL 


JWIL LISNVHL Y3d SINVSSIW 40 PON FSIKV A 


SAIINNTW VI 


Zt. 91, SU St £1 2h tl 


+ 
+ 
+ 
ee 


IWiL LISNVYL FS IXY x 


Ot $ 9 i qT S 9 t c 1 


Heese ese ne teen be ast eee teseetee Paste eveun sees 


L46 





CLAS HESSAGE TRANSIT TIME tN SYSTEM 


NOMN-wWETGHTED 


TS 
97T.0U0U 


SUM OF eG 


ATI 
2-1 


STANDARD OFVIATION 
0144 


wus 
aN 
c- 


az 
{ou 


a) ones 
oad 


az 
es 


ZZNGOANDS AMMO ON 
wt IPP FUN CAIN DIN UN 
wid BAOPONS LP PNDWMMw VY 
mF cee eee eee ee eo @ 
<< ~~} mt NIN ON OY 
mi | 
>0O 
wwi~ 4 


tte 


WIM AANS 3D WM PRPS 
ad Hoo MOLD Qa ATW! 
A WAR MOMNAD OAM SOM 
—=F eee e@eteereee tee 
= ont egos CUCINA COR 


wh 
20 
x 


wertOo7TO000 700000 
Siwy ® @ © ee ew F © 8 Oe @ 
mT ONO ONG STPPr T 
me a DAS oe 

ew ot 


at 
a: 


Zw 
2a 
i 


Les dee PPP PAP PAPA AS 
>(S5 e©*t#eeeeeeeere 02 @ 
—JI w—MPAMAR AMAL WO 
— AVDOPRAKFS FO 
<=> -—4 
wil 
= 
ec 
Dud 
JO. 


mad OP PFASOOCOOSOSCO 
zt Ooo s rz 720090009" 
i= @ oe @ @ eee ee Ge ee @ 
CSG ene “ 


— DN 

x 

Use 

aw 
c 
x 
Adel 
a 

CHONG CeO COCO ms 

Ww oo) =d 

>=z =) 

Lu < 

w= 

Ae a 

fu x 

Gr < 

tbe 

A 
uw 
= 
1) 
z 
iy 

FH RNM FAS™ DPOB S> 

Lom tom emt ome YY 

ax ‘ad 

a =z 

| sy 
0 
z 
= 
2 
= 
< 
bh 
le 
a 


THROUGHPUT STATE I 


* 


> 


* 


* 


72? eet needa 


* 


eRresete eee se 


ePereehretereeenet eter eee te 


2 


Pee SACHS HHBH PERE SAE EDP DD 


® 
+ 
» 


* 
* 


Pave eeneveeeseeese eso neeesan Pt greeg ete ate oe 


o 


ae 


~o 


- 


As 
= 


47 


oO 


x 


o 


v 


™ 


eo* 


* 6 
* + 
CREE HEEE EEE EEE EO RES HOOT THEE TONES CEO OEHEERES EEEHE HET ERESE REEDS 


aoe 
* ¢ 


=» 


> + 


* *% 
e + * 8 


> * 


+ 
¢ 
QO FHF SE eee SHES HSE HEFE EE EHH SY 


15 


14 


13 


12 


11 


10 


9 


3 


7 


6 


5 


4 


3 


2 


l 


TRANSIT TIME TN MENUTES 


X AXIS3 
Y AXIS: 


OF MESSAGES PER TRANSIT TIME 


NO. 


NON-wEIGHTED 


NTS 
260. 000 


SUM OF ARGUE 


ATl 
33 


STANDARD DEVIATION 
0335 


5.416 


MEAN ARGUMENT 


UNCL MESSAGE TRANSIT TIME IN SYSTEM 


af MNOS BNI Me TAO OM DD 
TS TS a TS ew rere CPU 
molded DOT tet POP me rer On Th 
be >@ eee eee eee ee Ge 6 @ 
tT wi ite eat ed mt ONIN 
— 2. } 

>3 

i oe 

Se 


Lh FPA ASSMAN Qe SDAP LT ON 
wl OO ARNOTP™ QP Ge TrODOWN 
QU at VN Fe PO SONS Be DP 
mF © oe Oe ew Heo ee Fo 6 @ 
— oat 0 oat oat oat NE IN ON 
wad tw 

adie 

x 


WEDAOMDDM™— OGSOA— OO 
Sip @ @ @ @eeeeeeetet ee ¢ @ 
—ODAF IMODVDIVIOIONSSEN 
pe ZOD DOIN ee 0 cet ont mt nt 

<q — 4 

— < 

mena 

tas 

x 


CUM 


UstW OP ADM NNMAA £ OS PO 
bp or ee er ee | 
—f SCMHOT SC apeaMnAamLelrmo 
ee SAN OM ODOHBVeESSCTS 
a2 = 
ad bd 
ae 
cx 
= 
wo 


me J AmmACATADOOOHM OD 

VFLITArMNOOOOBOOCK MS SO 

lw © eeeeeeteoeeeeeee @ 

WYO ONAN NN rD NN 
—_— NM) ont 


ox 
Lad the 
aO© 
& 
lo 
he 
Pod 
Cm OR AD OOO HO ON SIOS eto 
ad dos ae ad 
>2 a 
co us << 
Cit 
ng UW 
aa x 
o < 
Node 
va) 
Us 
= 
Wd 
= 
u? 
Le aNALT AO SPOKAM7 AOD 
Us = o=t ont cut tees pet ont CD 
az 
QQ -~ 
= 


REMAINING FRE 


THROUGHPUT STATE I 
*o¢ 
® ¢ 


eseeeeceeoane © Gs @& 


@a*@Ponwneeeeagse » 


eaeetwede ees @ 


e+e eee eee s 


eesetQeasetagseeteegeteseagatuseeta sage ato sete eu & 


t- 


eas 


aes 


. * 


* ¢ 
PESOS SSE SHSESSERERSEHESPE SHEE ESER SEY SESE SEEEE SEO EEE EE EEE SEE EKESEE TE OCEEEEESESESFES EEK EYEEESEHESEE 


$¢¢ 


S¢¢ 


ats 


an 


¢ ¢ 
* * oi 
$6664 694646 


toe 


¢ 
* 
QO **eeetee es 


ll 12 13 le 15 16 17 La 19 


10 


IN MINUTES 
OF MESSAGES PER TRANSIT TIME 


TRANSIT TIME 


NO. 


X AXIS: 
Y AXIS 





JWILL LISNVYWL W3d SAINVSSIW 4D °ON 
SJLANIW NE SwWIl LISNVHI 


St 41 €t zl tl ot 6 a 


TSHEASHSSHHHREHAHHSEFAEHRSEHSAHEHEEAED HERES EHESEDEREEEESE ASE HSHHEHRESESE SSE HE DESH SE SERESS 


tT JLVIS LNdHONOWHE 


¥32°9% L9e8°T 0° 0°OcT 
ellie CO%*T 9°! t°86 
8SEC- €£6° Geel S°28 
O48 * é= 2995 o°Cot 0° 
NV2W WON NY3W JO YUZCNTVW3y JOVINIIVI 
NILDIVIAFI0 3Id TL IAW FATIVIFWND JATLIVINWAD 
OILHOTIN-NON CO0°P%RGS GEE? 
SIN3KHONY 4O WHS NOILVIAJO AYVONVIS 


f 


tStxyv A 


ssSIxyv ¥ 
9 G % € c tT . 
CPHeeHeEseneaetaseesge OC 
* a * » 
* 4 e «€ * 
* ¢ ® ¢ * 
* ¢ * * e Ol 
eee * ¢ + 
e & * 
* * * 
* # U2 
¢ * 
* ¢ % 
* * * 
* ¢ # Of 
t * 
2 * 
* ¢ + 
* ¢ e 0% 
* * 
e * 
* ¢ * 
*¢ ¢ OS 
* ¢ * 
* ¢ * 
* 2 * 
* ¢ 09 
* ¢ * 
* * Pl 
* ¢ % 
e * * OL 
* * 
* ¢ * 
* ¢ * 
* 2 OF 
* ¢ * 
* * * 
x ¢ ¢ 
* ¢ * 06 
o ¢ 4 
* * 
¢ * ¢ 
¢ * e OO! 
¢ ¢ * 
eee * 
* 
2 OTT 
* 
* 
» 
e OZtI 
Ou3a7 Vv Byxv SALIININOI#4s ONINIVASY 
99°! 2 % 
ee ‘ol tl c 
os°iA gol é 
00° U 1 
Wi1OlL 4O AJN30I0 Ju 4 Liwtt 
jJN3J9 Yad O3ANsStO viddn 
Tot°Z o2t 
INIANONVY NVSh J1GV1 NI S3Ity anid 


NI SWI LISNVHL JOVSSIW YSHIVIA 


L149 


<i Oucoou 


OQAILHOTAK- 


JWEL LISNVUL YId SAIVSSAW JO CON ESEXY A 

SJIANTW NE SWELL LISNVYL 2SIxv x 
st 1 et zt TI ol 6 f l 9 S x] € c T 
CHORE HE EEE EER EEE TEEHEEH EOE REE HEREEE ERE EERE SEE EHEESE SHE CHEEHE SE SHE HERES ETE EEE EE HE KeEtEe O 
e + 


* + 
¢ + 
*¢o4 


T Fhvis LNaHONowl 


SeteoePaet eset aeeteevPateesseeeeataneese eee ta 


O37 Wi 2uV SSLININOAYs ONINIVW3Ie 


000°1 O° 0°001 00°001 1 9 
CER? 0°001 O° 00° v S 
999° o°eol 0° 00° 0 " 
005° 0°001 0° 00° 0 € 
€CF? O°NCT ie 00° 0 2 
991° o°COT GE 00° Oe. | 1 
WwOY Nv3W 40 HIGNIVNaY 59 VINIIUId Wil 40 AININO IN Liwtt 
1A30 314 TL 7AW JATLY WiWND IA TLV INWND IN}) W3d C3AD3S AO BIddN 
000°9 000°9 1 
SLNIUNOWY 4O WAS NOLLVIAIO OVVONVIS iNIWNOMY NVIW JWvi Nt SIpwing 


tecevl WeVL 
WIISAS NI JWEL LISNVYL JDVSS3W NOUY 


oa) 


r— 





JWEL LISNVYUL Y3Ad SIIVSSAW 4D PON FSIXV A 
SJINNIW NI JWIh LISNVYL SSIxv xX 


HT eT iT 91 GT %T €T cl TT ol & q L 9 G 5 £ 2 I 
ee en tees eee e Lele CC tee MEST U CCS E SC CES TST TELA RETR ELL ECO SESS AS SOT OSE LES Fee SRLS Oe see le eee else te 0 
* *€ ¢ 
¢ + * ¢ * 
e * e 4 * 
a8 +e% e 1 
9 
+ 
* 
¢ 2 
* 
* 
* 
e € 
* 
* 
* 
¢ + 
* 
* 
* 
eS 
* 
* 
* 
e 9 
* 
® 
* 
otk 
* 
[TE JLVLS INdHONOYHL 2 
* 8 
9 
* 
» 
e 6 
* 
* 
Owv32 Wy 3suyv sae ONITNIVHS 
i3t° TtT°?y ae 0°OOoT 00°0S T 0 
J30°= coo’! 0°0S 0°O0S on? 0 6 
151% pRpe C°0S 0°0OS o0°0S I 8 
ST o°T- Lit O°CCcl 0? 00° 0 Z 
tzr°2- S20" C°octl ci co° 0 9 
WZ7A°?- 6G¢° oe iO” 00° 0 G 
GFS°E- ohh? o°oc! g* oO° U » 
E%7° b= €tF° pend O* 00° Uv 5 
9355°%- fee "0e id cc 0 
1467°G- tt? OP f0t O° 00° 0 I 
Nojw WOWd NvIW 40 YIONT VWI A JOVINIIJYVId witout 4o AININOId4 LIWTY 
NOTIVIAIO Je TL WW AAT LY Wiwhd JALTLY INWN) IN3) U4d GIAUSS WO vijddNn 
CILMOLIM-NON o00°Fr! >1>°T 000°6 e 
SINAWNONY JDO WAS NOTLVYIAIJIO OXVONVYIS INIJWNONY NVdaW a esky 
4 


WILSAS NI JWEL LISNVYHL JOVSSSW Yul 


a 


3 
1 
I 


s 


Lo 





SHRHRSHHEAHH ACRES HHS OFRHESHEHHOT HHT H SEF EROREHEHESHOSAEHHESHESEHHEASE HAHAH HESHESOE SHHKEHESOREEFEHH ESS 


oO = 
p23: = 
NV IW WwOYd 
NIPAVIA RO 
Q3LH9OTIMN-NON 


GI 


00 
St 


IWT1 LISNVHL WId SIIVSS3IW JO ° 
SJLANIW NE SWELL LESNVUd SSIKxy xX 


oT € 1 et TI OT 6 Q 


JIVLiS LNdHONO MH! 


nn0°1 0° 0° OOT 

00G* O° 00T Q° 

hvaw 30 YIONTVRIY JOVINIIId 
IVWTL IAW JATLY WAND JATLVINNND 
Dee oud® 


N3nheuy JO WNS NOILVIAIN GQHVONVIS 


l 2 S 


ON *SIXV A 


% £ € 


*#eotaeag se ves svete ate st FG eve sevunsdvseavsvaeeee eat agesvasaveetneneas 


* 
On3aZ7 WW sauy Salahe 


se pee SPS HS SH DASHES THSHEDSBVSEHSSHDSSVSHSABARKRs“HAPRBVHeeCev,aetteectet Ree 


00°00! ZI 
co° 0 
WwiOL 40 AQNIO0 Jud IW 
1N3) W324 U3ANaS BL idd 
co0°2 Z| 
INSWNOWY NVA 3 rc 
WILSAS NE Jwtd LESNVO 


1 


> a 


NI 
cay 
ay 


1 
S 


oT 


TY 


SHH eFese Sat ate ssi ssee se SCs aesat dad VD seOoe tse wpsveasevvsseeasveaeeaese 
0 


21 


O3duds ININTYRIW 


S3tdinds 
JVGVE 


Siw TAM) 


Lee 





AWIL LISNVAL YId SISVSSIWN 4O °ON FSIXV A 
SJLANTH NIT SWI1 LISNVUL SStyv ¥ 


ct! ot eT zt 1 Ot 6 g l 9 S 4% t Z 1 
ROSHHEHEHEHOEERO REE EEH EES EEE ESSE EH OEEESEREHESE SESE ETERS ES SOFEDHDHEESHPEDOCHESHH DED ECE REL ESE SE4E OF 


4% ¢ ¢ ¢ ¢ * 
* ¢ 2 * 
e « * 8 * 
ode * * » € 
* ¢ 9 
¢ ¢ “ 
* * + 
* # ¢ 9 
* ¢ * 
¢ 4 * 
* 9% + 
* 9 6 
* 9 * 
¢ * 
Ss * 
¢ & 9 21 
* ¢ * 
* * 
* 9 * 
* ¢ » ST 
a * 
* ¢ “ 
* ¢ * 
* ¢ ¢ aT 
* ¢ * 
* ¢ + 
* * ® 
+o e 12 
¢ 
* 
» 
e $2 
¢ 
¢ 
¢ 
¢ i2 
¢ 
* 
* 
Pr 31V1S mNdHoONnOUHE e Cf 
% 
+ 
* 
* €€ 
+ 
. 
* 
2 9€ 
OYWY37 Viv Jv SSIININAAYGY ONINIVWIY 
eet g. 0°00T 66°C 1 » 
EE ° *% 6°S6 66°TT € € 
£06 ° 0°91 6°€R 66°€A 12 Z 
- »Ge°* C*° COT O= co* 0 I 
WOUd wYShW 40 WIANIWw3y JOVINIIYId Wwidk 30 AINSNO INA Liwt 
1A39 JIVdT LINW JATLY Wind JALTIEVIOWND INjJD MId G3Az7sS HO HIJddtt 
090°SS 005° 661° 2 Ge / 
SINQNONY 40 WNS NOILVIAIN AYVONVELS INIBKNDO WY NVIW JIBVL NI SAWING 


9cAVi BVeVA 
WILSAS NI 3JWid LISNVWUL 299SS3H JISNOHN I 


eo 





NWF BCST MESSAGE TRANSIT TIAF IN SYSTEH 


NON-wWE LGHTCEO 


NTS 
64.000 


SUM OF ARGUME 


ATIGN 
7.160 


STANDARD LEVIAT : 


12.571 


MFAN ARGUMENT 


TAB27 
ENTRIES IN Eeees 


TABLE 


BZeWVQ rer wm DVDS ARYLPPVD OMe O 
‘af SE een PT ren me Fg Veet MS RIT et LY pe cont 
ont etd DP Ame PM OF MIN DO me NP OM DOM 
mF «© e¢ eee wee ereeeee eee ese Gee @ 
<a aotenemnd § | § § gts Ce ] 
wFt yer 

>O 

egy 

> be 


Ll OPS To™ ~ BOKRAL LF -PAAN HH DOO 
mw IM AM as FAG BM AM oe Phe AM a Phe 
en ine Cem AQUI PN te me OOPS ete NA PAD OM 
mF ee eo ee Geese etevsseeesete eee @ 
eee Se 


LytoOscee~ LTT rr ODDO DDD DANANAO 
we © © Cee eeeereseeseeetseeeees @ 
at SDS LI et cont tes OY NUNN OF PDP 
es SSDyeg eww STP IS TTP TN te 

ZL wns = os 

a 


V 


Cum 
REM 


thd ee CD IIIS NS DS cant et eth eg ced emt coed et > fee fee fe CS 
=>a>( ©eeseseeeteeveeseseevoeeeeveee es & 


one PPP ODDO Re ~~ ee AIO 

pam bee mode NAN AID A ASA A ALIIA™ OOOO 

ca ~ 

aw bbs 

> wW 

zx 

Sw 

. & 

me JOOTSED 2*9HOoD=-O Ce ooeozs toes 

= SOONCONOCOO LS COSCCOCNNOON 

aim © @ 86 @6é€ Ce weeeeweseeeeteee ee @ 

WO ¥ r > rr v 

—_ =! = A = et = 

ec 

Nebed dey 

aw 
© 
Zz 
Ud 
rad 

CHOCOwmeOoxKO Cenc ecoce o-oo 

tus o> = 

>Z =i 

co tw <q 

Ww 

se ad 

aw ie 

ad Oe, < 

iv 

A 
ui 
= 
te 
& 

NAPA OM TH Om AG PI OM oO OaAWS 

WW = ertemd cated ema cond ened ened oon oe NEN ODP 

qa hha 

Aa a 

po) LS 
© 
z 
= 
ae 
= 
<_ 
ae 
a 
ae 


Sea VeveseGe eFease ses sesesetvseegseeeseGgGgreese eee eas 


er 
camel 


6 


ome 


Or 


THROUGHPUT STATE | 


- 


= 


At 
—_ 


© 


amd 


a 


4 


+ 


+4 * 
ete 


A 


? 3 g 10 bl le 13 14 15 


$6 
6 


« ¢ 
GD FRSEKSEHESSSEHELESESEESEETESESESSES SE SSE SACS SSE ESSE TEE TESCHFESESETSESE ERE SCE HESHE SESS ESHEETS SESH ESS VES SHREVE E YE HY 


5 


4 


3 


ees 
¢ 


2 


l 


IN MINUTES 


TRANSET TIME 


X AKISs 
‘VY AATS: 


OF MESSAGES PER TRANSIT TIME 


NO. 





PREPS SASS SHE SSHSHSSHREEHSEHVHE SES SESH H SESS SSE SHREK EEHEERELERE SEER HS ESE REH ETE LEASE FHREE HE 


tO 


090°- 
2G. = 
NVIW WOHY 
NIP LVIAIO 


QILHOTIM-NON 


+ 


+1 a zt 


1 JL1ViS LNdHONO MEL 


T 


40 
7 


00 
oc 
Nv 
= a Mw 


Q wuso 


° O° 
s c° 
W Wd 
I JA 
000°9 

SIN3JWASYY 4O WAS 


0 
G 
] 


OT 
NI 
1V 


JWI1L LISNVUL 49d SIIVVSSAW 40 


SALANIW NI 


tI oT 6 8 E 


Vusu 
ww 


000° 
NOTLVIAIO GHVONVIS 


9001 
JOVINIDHId 
IA TV INWND 


"ON 
SWIL LISNVt 


sSixny A 
ssivv ¥ 


9 S , t T 


£$¢¢2¢6 4% 


*eoenve ee eeu tan 
+ * 
*4#nhGeee tebe dod 


8 | 


it 


FeaeSeesteseete eet eee aesete toe Fuge seseseseeGeetsgesevatea dane 
0 


et 

ON JY SJTININOSdI ONINIVAIY 
C 
A 
Q 


CL am oe OG 


NANO INS 
JABIS CVD 
000° 2 t 
LNARNOMY NVGW 31001 NI S3lelNng 
8Z2R71 a 1evVvl 
WIISAS NI Jwld LISNVud 39VSS3kK 9D) 


oO 


rH 





AP PENDT Xai 


This appendix contains the input statistics used for 


mearoughput state Il. 


S16 


— 
= 
Lad 
eemUae 
Wd 
po 
<a> 
= <= 
WY 


= 
ead ad 
ovMm fs & 
iy ome OS 
m— VII BW CU Lis 
ws ~~ t9 
ya VV ee <f 
=oreD OoeM OM wt 
mw) IVI OO oO he 
MULLIS od LS (Ld Ww 
moO Se TOW A ieee 
QQ Vee ew ao uJ 
Ww 2? =z oJ 
z= = eS OU Ww ~ 
Ow vw Vwir a ez Lis 
adem Cm aw 
ee OO OS Th CS wat 
XK LZNAL HD ho zn" 
Wud D> tw tbe <I” 
a ee ty “N ww UJ 
wate CT eG 2) - 
lee” MIT RNS ee) Wi 
INN SZ ome ~—O 
fe aa tha a. VI aq2z 
—— ata Oe — et 
Pus mr Le = 
Lies Rk Sw < ad & 
A See TL CoenN - <— 
ee Re Oe tes WW “A > 
2 mm Ay wow —o. 
WJ too eI To. Lid mw 
TK PY wee 3 eared 
= «Mia 3D us @ < Zo 
eS az w2ze JMizrto “A CS we 
WY SCOoz~2aiecreow “ uJ 
=—_ —Yemweids WY (dd po 
=e AD Use = =aQ 
WMtent) YWiZLuWiw (eo ome 
Pe Cetus uw 
Cminme © ONES oa dd <f 
am eK x = ua 
DS mNWOCwWwd wh <{=— 
2 ee Oe Lu we 
Ws Wet ke ae = AWN 
— mC Ore eftuc Feat = Wu 
® muy esuIreM WY uw © ees 
= m= TNE NC ihe = 
e ¢¥T NC ONAte ec Us 
Ceri. Us Ls ue -~ CaS 
& Q4e250.L2TOrRnM VS? jaw Iq 
we £5DW ree Zz = za aw 
e @<€8uecada auLwstst etal =n 
WwW Cc mL Se CWO — > ee 
e (Se Jian mo kn = forse 
(S (Seaics (ae — ee ) = > 
® 282WU0reC ea ZlYee av < oe 
WY a4240C CmuTD>rL.nes = oo 
- W CI eis uw fod 
Ba WY Mocuwuta<tV = ee 
Meet. Clx2cC = Cea cu 
Z OAu >it K& OFC ze i 
CS bm us Se cf ULL, cee _ a 
Poe CLS = rt— CP ww 
z= <p NN ety bed ae = 
Cw Ne uae See — co — > © 
we ed Le em aes ae i= = 
pm nec we we ee AL eS A) me oy. 
eet oo oe Ce > is ome OY 
eS NAre a ZeW ue ET = poo 1) 
Ly So oe oe yet ada “iy ox <= 
C= See Crue Sle scc aes —y 
AWik Dd Orde OW a Wa — 
=) 
© 
ad 
& eDOCS EP HEHEeEH OHH SED | HF 
ow 
wld 
wo 
= 
a | 
De 


56, O/.609-9/ 94511797 12/1 914 


20/.95,25/1,530 


ome ~~, m., & 
cs | us 
Se) = e 2D 
She 2 Piakes alr td an ae | 
SS 2 ae e 
wae “ms Oe Boe —) 


20O=<2S2S0 
UP. OUOW °e 

° e ™= 
cue EO 
ANA Kaman 
i els eae) ei) &@ 
aNa2ocee ay 
hola niles 


Da 


+ 


AGE INTERARR 


MESS 
INATION (OSARP), 


ee 


cmt ome ood Oe oom Ss 
bee ON ee re OD ee AY 
wr Moe) ee) eo 
z20 2 e7N CW 
Se Cones sae ey 
i“ eau el ie 

~ vrs 
aranse. ad 
LPL owe ee 
Iq eT ecli M™ cl eo 
WM TALT LA AA 
ZOQANON UN 


MESSAGE PRIORITY 
ENGTH (LMFCW). 


INTERARRIVALS ¢€A 


Ww MESSAGE MFCW), 
DESTINATION (OMFCW), ANDO MESSAGE L 


CS FOR MF/C 
MESSAGE 


fame eresten 


OD DEH @ 


MASP OP DRA D aN FIDO DROAIN MPU OM DADAM FIO DP DKF ORKINDH FPA OM DSDNA TASO 
md eh me nae med gd aed mm NN ONS EN NS ENON CEN TN CED DOP PT SP PUT IAAT 


949/697 ,99/.982124/1,137 


Pe LAY 
ace 
= @ o& 
ma~= eA 
Pal ps 
Coa 
e 


ae ae 
2~O 
eS | 
ro A 
J mt) 
en ae 
aN 
wi eu, & 


ENSN 
() eo ¢_) emt 
i oh ® 
= oi 
q~a 

° o 





Mm OPO FIMNT HO DFO AMO FAO DARD ANUMO PD OGM DA Da FOO OPO ANON ST NOP DOD TOS NAS 
BUA OOOO 6 WD OO fe frm fe ee Pe ee Me™ OO DODD DGD PKR APF PPP DO OOD O09 FC OC eet = =f ot 
ee ee ee ee ee eee 


~98, 7/1511 


oO © 
= 


at 


vr 
= 
cs r 


Mit 


foun’ 
Pa 
oe 


CS 
> 
= — 
a ~ 
= uA 
~~ oom 
un o 
_ f/ 
amt ee 
Pp e 
oo S 
~~ C 
MIW) wd 
a @ 
Ce 
2 
e 
~ 
aod ome CY 
iw lL 


ZNAIM 
CMD 


< 
ae 
— 
_) 
< 
= 
uw 
= 


UN 

tu. ON 
e 

> 


° OM tH + 


MESSAGE PRIORITY 


AND MESSAGE LENGTH (LHFCW). 


MESSAGE DESTINATION (DHFCW), 


STATISTICS FAR HF/CW MESSAGE INTERARRIVALS (AHFCW), 
(PHFCH), 


Oo 
oa] 
- 
_ © 
=~ ms 
Ss o 
“I om! 


ao » 
Le OO te LL Pt nt 

e e e ~ 
NE Ee 
QUI at mers 
ih eu aL elk eo 
AT&T C=TS 
IPA ao 

e e e 


WZ 4 


oR GY 2 


© 

© 3 

Sf @ 

- = 

ome ~ 
~ SS 2 
wy —_ (~ 

wv es ns 

o oud YO 

~ ~ ww 
a — e 
e - ™~ 

~ ive CG 
a} ZF AO 
Ad e a 
BeM ON OC 
Cee conf 
o> = oa @® @ @ 
Ged COCOA” 
awe 2 Oa © 
Sea we es 
N ~ 2 

- us ~~ 

AG e 9 


a et a Ge 
li OU CLI Dt © 

e e e ~ 
LAS VIN WAS WIS 
ZN eh et ot TY 
we Od Oy OO 
WAT Ue 
PPT Aa“Acm 

. e e e 


}—~ 
cri 
OO 


Xe 44 OR 


SSAGE INTERARRIVALS CAWX), MESSAGE DESTINATION 
(LWX). 


9494/2691 -62/ 96,11 2/1 212% 
ER ME 
ENGTH 


RN5,04 


2 95,50/1,60 


5 
/ 
5 
RN5,95 
06/694, 19071,11 


| 


ANDO MESSAGE L 


= *en= De 
=e et ato™. 
ve Pp met ee ey 
Pe ee A ee hee AY 
WS eLNUBIU @ 
a. 


STATISTICS FOR WEATHE 


(OwWX), 


or et qe & 


NI 
3 
_ 
= 
omg 
~~ UY 
> = 
Lf - 
i — 
2 
oOo ms 
oF om 
e a 
~~ w?P 
A Sm 
= e 
—ét NS 
= ed 
OOO 
Sane 
= @« =H 
Pome ey fe 
aa @ 
mros 
-= Oo 
OM) me 
~ = 
_ eam 
On OM 
out Po O 
New 
wr el™N 
<A © 
= So=>PE 
We. ol 
~ e 
NI ~ 
= = 
< |x @ 
xscrNV 
—<Iroo 
e e 





BOP D AO SAN ASA QM OPO aU NO™ VDRO SQUA TAO DROSHA NOP DROANMTIWOOPM DFO 
ed med md ENG NS INS NON NS NSN TD NT VO TVET VS AP PP PP PPP ODI TLD AMV ODO OGNWQUO OOO 
eed ced ceed med ce ed ee ed ed ed me ed ded ce ed ed ed ee ed pe) et cd ed ed ed ced et rd ee eg ee ee et eet et a ed Se oe dO tt ae 


> 
— 
> od 
= ~~ cS 
o— — oO 
= x~e mm @ = © 
C9 mx Cant an 
Iz OL ke —oQ ne 
Sr LLs au Cee Lis a2 
WV? oad Ww ary 5 ome 
Lid MdeS oud and <{ J 
Seal C3 ~~ 1h} mee ‘h\~— 
> <{ 3 Ww? 
mal NAT <= Ws Te 
—S} Dike Wi pen xe 
aN wc wii9 ‘ie } 
C7 Ub a= Ld oe og 
ez Lis Zs mW 
<q > coud wed A? cad 
<tIO = ~ ae 
—— mw us om Lid Zid 
< r— (3 cadet mami 
“ ome af aA <¢ Lf 
—_ & WIA Vv) —w/} 
<~—— «wi =v Ww 
>2 mer Lis tw Mw 
(5 = ae wa 
ecm Y <{ 
eet a AS >a 
<Q {2a wz —oe 
fa => < << me 
uy od > oO ce 
—— we = & co <e 
ee) am am a em 
pad toned <x fo oo | = Us? 
~ ot <r. ~ — =< 
Lis << Us mae cs oe ges 
ee —v Wik ~ © =a ed 
<— ney =O - 0 ao 
i md mae a uN 109 mone 
WIw? = a> r= | 
Lig LL Lis =? za e —~ ™! <qcz 
us way OQ iJ ~ e © wd 
“) <i mm 9 we o — it Sma 
=e Ous Sith <{— uN ~ o Lid bm fh 
~ geo Sif Saf o N Oo > ae ¢ © 
=4 <2 Lis AZ N — OS <= & 
~ ow z= Wwe or & ° Uso ome 
© Cw -_ oA =— 9 oN Wik ~ 
© CPU mw Tt a) ~ Cas =u 
—_ ers eGiuy AJ mea eed Co . mus h~ 
@ aw ph HO o 628 Ww ~ - one x 
wr —_ © Ton ew ome ram Tc wo ae ~~ a OD aom Som = LATA dO 
ae <— weC OC WY ni oe Gl mW Le OOS —— coco & 
eo @ a aend @& « @ cS ~~ oe Py o cS eD eae ee ee tay @ @ @ » 
~~ ee cen DOM act NO te Mm<l Al em NAN eq “NN OM 
ms CS ce ate sa fe CO we Ne 2 < CE ge Sea hae See Cn eaten an ace 
one wb. <t Lhe ay ry oe ee lO wer arr ef ern lw ome ow 
& Qa « ~ La oO ss ths tT ~ - on) & 
wn SS} © s* Vis oO QJ AF rs ~ ss“ Y= © 
- | @w e« © W @ W ws e i 25 3 
— © mm e Geez 2nrs me 26a Lao me Tes SAS e me wet = 
os e-em CNT CPC e ee CTC C$ ec™ —m Feet cMc™ ree TSO C 
moO (Pee 7 meee ee ed DO we Pee ON ew ot os Si mee) a eee Ore es DF  mifPme are 
rm —A iS RNR REX eS wee pee he te hee ee a eee NE OY =—— RN we 
We mMeCe We YUNOOD bees) ar NIL oe — EF Vaal -OU e mT UO eso 
ae aeq 2D 2 ezm qo 2COPND ez™ Xp Ww elrnw eZO ge ZOZMNS 
=v m—YXw BAMDACDe SSS NSS Sa oN SINDaDa lay reo SIS -D 
on (@ WQA~—~ we eh M1 Ju Wwe i OL MLL iLL e@ Swe UPL MLO e W~m~ Ww elLOu 
~ ~ om e UN ~ > © ~ a =x ° ~ ™~™ ww 
UN Z2NZNZNZ SPX eyo ws ed Cuad ™ ot OO MNWY OV 
N Camt CO NCS os fm CNS bm pe ed oe aea™sa wpa = eid end aya ches 
So fr eM ©" ec Cc a th a F oye TF eZee yea orcs 
zPE PUM GIALLO <I OI Mm ahi Puig@m Ce wee hep me (St es 
—_— INC OW @ ASA as Ore co TINA KCoowim <a rama 
eo ee ee oe) ° ° ee O44 + ws * & ° ° e ee a . ° e oe He EO e e 


lao 





td QUA PO DAS MAAN FUN OP DP DO SAI NOP D SOMO FN OPM DAO ANA TN OE DRAOANATAO 
prom fe he foe he Moho Mw ZF DOO VD VDD PPA PPPRRAAAFOQD TO OO 9 OO) OO owed et rad ed et et ot at et etd AY NNO ONION 
mt raed md wad gn Od ead oad wad ed greed aed ean omelet ene end aed eae end oad ead pet od od od ed IA ON A OIA ONION GUNA ON QUAN NOONAN AAI INN OIA 


WV oie 
Lad od ore 
3 < wat 
<< >A ITZ 
W — 2 Tow 
Te) Ce <f Yr aad 
LJ xe 3 
= << Ly ety 
xem Zwid 
e us p= <f 
a = L) uinty 
= = rTxXxMmM 
vo) =O mm UW 
w) = ae 
co ws >= 
< Oz occ 
come co = 
9 ome ou 
Ww hm 13 or 
jc Lbs <¥ =O 
<I =z mi 
> p= = lirtpv} 
W ro fw<eto3 
mw = 2) oe 
awd Ow <2 
<< =O ~ Tw 
xem b= tOrf 
uJ << uw wt «(ALS 
= <= 7.3 Luce 
ze ome af Suse 
oma (3 av ac 
WN Pad aw us << 
mm Ls Ld sud =WMNA, 
e Sand == — i 
= «<f Oo jw ome LJ 
~ WU ) «= 2. 
© VHS - LL) 3 = 
‘A us<f a hm ON 
e =" Ow 2a 
uw WW ZW a m= 
xs pel = a, =W 
. NX =~ own 
~ < S eyacG. 
uw wae ) >» = 
AN Ga = iu, @ 
GS o <i <{ Ime lume O&O 
~~ oot Q - Z2a= a AS 
-= we N IOwW 32> 0 
ad ® co AJ = =) TUNG 
~~ ™! — me Ot) = 
Pp Pm lam Pomp Cad Ww N SN ON au AQIAY N NAL GS 
PFN = ws wow wo = EH GA aA YOY tl od ome ONO ma aad ned 
Dae aan) ef eD « WJ o e e & > AY OANLIAS OS owt met OD SAN ASAT OAT 
PARAS ZO Porat west sy ey Oe AN u: ~~A A A, 
~~ T= CW 22 oF Ste SS £« 2a Zz tS a or NOAINI RL AIBIR BIAQIN AI AIS 
Qas we Cc orem wn re ee a ee. ree Qaoqegqaaqgcaa6 64.4 4 
-_ ™~ = “oes; Wo =a T= 
em enn i 3 Lt B[e 
> — ome s * Ce wad So cy 
“wa eo me SUN” — ae aut Ue UU dO sd Lo 
Len Ge a3 ex’ CTS C™Ce= mee = S&F OG FS ow he ed mer ced) ed ee ed aed 
ome Caz” me ee cee ae ee en ee | on eae Soe coe re ce co 
Dh © omens pee md fee A fe wed mee Oh i bbe <9 qaqQaigdedecteitcaqc< 
o™ her CF eC Ars RFR WM” OO WY WJ <W) promo Ct OED peg FEM ens OS Oy cae ED I ere Ost Oo 
~~ ao In FoOflz eft Con f2wZz 2 2 LL) ee me Morr acerracercardt 
Naa eu TSADOTD— Bd DeDAT =P =C<_ Cele ida dered <( Ti ef 
eu © We: Ww ethifvu e Sime FS Low lh POLL ALE oo ee P>>o>pSp> oe >> aa > 7 7 >> 
uN Co ~ ® iN ~, = e dl 
me me FP phe, pe OV ceo NCO XH OO! ANIA SOM OPO mum 
“az e MANMAY #8 WI Qa sm OS DCS CS OIC a at oe OD 
=a C ot ectrms Se @* eet WUWIY MO MY MXC OEHW 
Omen SO QW aU Wl User eu) e ae ee ae a av ee ae ae aS oe, ee 
A anf © ACA aw e aC MCU Jus [>>> >ae p> >>>>>:> 


Cet tea 


om we te ee 


dog 


+3 se 





Pie eee 


This appendix contains the input statistics used for 


Throughput state III. 


_ 
= 
ij 


Zed NO PUN OP DBS HON MPO ™ DRPOAIN DSN OM DPOINMDFSAD™ DARD ANASADOMH DAOWAIN™YNPUD 


woo 
—S 
<= 
bh = 
A 
= 
w «=O 
BN— wT & 
LL ome 7 pmo fee 
mA BEHrTw tL 
eet - OC (S 
YWITLe NNww «<Z 
=Oord =H WN NAT 
KJ wUNMNE OO oO > pm 
Ded et Ld Lud cd 
So ee EO LU Va) ae aoe 
QO) Week eZ => Ls 
ViL OW = _ 
z=—S mel tL =~ 
Ow CeTNe co oz U2 
wart C=—D> awd 
hele CZ Q Wet 
edtomOnusteD = aw” 
COwuasS tw i IW 
= SsCw NM wow LS 
Lvl Ocr ea =) = 
wer MoT nW” ~ Ww 
LNW WS) «f — =O 
eet Se os ” az 
FZ wT ome ce <i 
QW —-— Wwe — 
LLleaZSu Duy <{ a & 
64 Se OCOWKOCR YN — <—_— 
— ete <e SF Ww “ >a 
— —- AY Wee = O. 
the LW ke Oo LL) mw 
Tr —-— 2Nn were > ae 
= In— 15D uy © So 4 <Q 
a ee te Oe ee I) oC) AY = 
S124 Soest ee.) WY tu 
Smee Ae kL = 
mee ID tlie i 2OQ 
ACQ™=) MNrzwiiicd oe ome 
= Tiwstuw2@ th = 
Cm «¢ ONE aE Ls << 
ee F— Sec ee Ce Sum (9a 
 2~ITNOTwet <q 
Fe ee I. iy S) bm 
WE Wee ege mes = MWA 
— FO Be Zt _ Uy) ty 
2 rey) eI NERD WN u. @ = Ga 
Ae wes eet) CS ee lat 
»® £FO=NO QOH ao Wu 
Oo BSestmw Ww wt —_ ww 
- ~~] OFM bh << 
wa 2£To shea a a << aN 
e @Oucat autres ee =W 
Cc et Se OTC a) Ow 
e feu scTN mY = ys: 
= Cw o bm — > 
* a<aquaorCwZ2>- -_W Te 
Se - CUTS ine = za 
- YOea<gvVst ua x 
= 7 vaeacuwtaoan — Ya 
meen toto a cs =e cr. 
Sate eS USO Ze Ww a 
C3 Wa foe = = 
Taek reOT> &K- zr /) —— 
= <tr NS mut = co 
Ow Verse Geo i == «6 
mA Sk Litt ape eae ear; --- 
poe Tee es LL” ce fr mm 
Seed (Ue oe ae SS uw > mY 
SPA Nee Tee EE = m= OW 
Us S mt me od os voce < om 
Cos Cor OPT OS eee —o 
Cte Sate Oe MeO -_—— ANA — 
WD 
© 
| 
> PtHP AHHH HH HSE HDDS HD UHH 
c 
StL 
Cao 
Cx 
a 
ca 


RNL 4 


of00e2/.9U,3/1 5% 
RN1LT,CS 


1.85,69/.89,140/1,160 


RNL,%9 
$0 957.659 6/7 .06, O/ eb D/ eGo elle Dlr l2/1 el 


RNE,CG 


CN 


TION 
9 


™~ & “Xx © 


ANCPF FURCTION 
0 3294/2101 8/4. 8691 2/293 ¢164.95220/1224 


oO 

us 

& 

= 

~ 

© 

~ 

ft > 

co oN SF mm OD 
Se ee os 
= - ead @ 6 
AJ AI ANNA 
26a te Ne 
Gl AM ey ano 
cre = o 
& co ro 
= e 


oO sl ecr™N. 
bee OA) Rm mee i ee 
CW eLlNU ee) ee 
Zaz eZN SN 
S3> nano 
1h eu Pt, wll 8 
~, 6 Sr ™! 
AOa~4 e000 
2~Oe soe NO 
SG ef enf tt” 


MUAY and | 


FVANSONIN 
e eS D 


(vy 


C+ + te + 


Ed a cd ed ced eet ONIN ON NOON INI AIO ONO IMO MOI Pr er eer ee TAAL ATS 


qT 
95240/ .97,80/.98,100/1,110 


C 





Pe DRS MONI PA OPM DAS eA SG PAOD FPO ANAT AOPM DR OMINMN FPA OM DAP OAINMGATANO™ DPQtUMOM LS 
I BV DVD OOOO DD DWP PORE PE EPO DOWD DVD DD DDAARAAASRALNALS O09 OO OVO V0 YL) at ont nt ee 
cae gael a) cel) OS a ee eed od com pede) ed mee) ome 


EG 


Ca) 


= 
CO 
» si 
>» - — 
= bad I << 
oat ~~ LJ tu Pr 
we we 23> ve 
Qo— <{ <{ ae, = 
— > wt VS} <«W WY 
(ov) OW” ad 2 | uy 
Ot. Tl iad a 
aa -—= NAT 
LJ oJ <a Li 
5 ~ © <O i} 
< ed ee oo ae < 
M= << ome «L A 
N= > cz A 
tt — we uy 
> a ecm <= = 
tJ “wn ~% J 
oJ << Wa o 
- au me = 
7B uJ WW) aad > 4 
ocG HQ —_= > = 
LL <f =e ~— < 
xu — tude co 
<Wy <= os 
~~ UJ wc <«<O© Fe) 
= Om ome ee | 
wn << Y= — 
wIQ S<t Lid <f > 
<2 Az eae © = 
>< uije =— © cw 
wand =k UL} = = w 
ge A cw" @ < 
am Lid ui OQuw ~ ae 
<> Za ec ~ las 
eo S WY a) ke © 
Ly = iu ~™ UW oO ae Ol 
— ms OQ esc » ~— @ —_ 
= cS “ <Tt A D pan <L @Q = o 
met ge aw ww Sad =WN oO UIs md 6A 
mm ~ JW? * Oz ~~ 
us ae bd om ~ ad ~ { ./ © & 
sat Oo MA= ~ Cor ce c= © WY ~— — ant 
om <{ >< xo — he tbed uN A a |! 
2 Mk oe A e o oa @ o ws e GW 
= Sit LJ ° ~~ SO ui. ~ i oO = 
~ Ld a oma ~~ ~~  S a | oo 3 oO = 
~ z= ™N bbe a or ~~ ° Wi e = Lz ° 
a —_ o © Pmt oad e _nN A ~ om tL UJ = UD 
foe] zswN ond com Mu) ~ ‘\© <= S e = on) e 
a UL ~ = Ma Ss TO Sek a = — on~ 
° ~C ae ond <— Od ® = ad e ~~ «= << UJ - = 
Om PO UL NAS LARA ad BQem jo» 309 z= Mmm WD .eO wo OOGe 
OOON Te O eG Crew [ > a GQrac aowe => GMO Geatw eo zt WDC e 
ee ee ae eS e a *® e ~— © a a oa ee ¢@ — © eee e@ @ mend Vv) ea @¢ af 
AOD Name VED POrrrey Kamm OD 0D OT ON Wome LN UAL cw ~New 
anon EN = 42 2e20 =. Coe ewe 2c Cea Len Boos Sie 2. oe ¢ 
ae eve LW NN Watn’ eo wot Coxe YF ert Ln ae Oe. Ce Oe OO US wes cee 
~~ ood Li N NOON ome aes oa ~ — = ~ - e @ 
A = WAT ~~ A WO Maw e iN oh AY ZS ~ Co yw Wa Ai am 
oe ~~ a) eo » ® Oa Os -« = _) Cn wed 0 Oo ez p~ o 
2a me PTT OSNS — oe Cw FNS NS e — ww TANS OS eo me os eam 
m=O e ee CDOSCCvrC hu, eee me. pee UL, See ae -= CNC 
wre O ee MR, wz nw Oe Oe | Oe Wee Tt pee A eee ed eet Oe CS) Va Qo oe ee et yO es Cy M oe mC“ 6 
be SS pe pee (fee ee ee pee meee ee ie hm Se pee Te tee Cee Mee SO pron heme CNS eee Me, 
ION =m Ku UOSENOAIUILA ms Ce NOAID @ Reise YW a NON e mm OD et™ 
en & = 2 emt oD” OZA! Gay << eZ oF of D INP Les em eo Zan <tr LNeze 
Soa = is eo TVDADDTsD e me Rae TONS SDN mei SAT LSNTO peo BO=_ 
be SO UL. OP Wwe La Pte OU NUL ow Yh WOULD e WewouJ we eh TU Du © View Lh OLE 
e e e e ™, e e e ™,, ~, e 3 ~~, ma, 3 
zn EN xu EN TZNTZC MMA MAMNO Sd eek ees eed CD oOo ™ 
Jee WI LJ PI Pd at eel GN ror (er Te | 
in @iLl @ Lt mt OL wt Fd Mus Cu O zen eZ eZze =< SC © 
=NZMN tO oe et AS COU aw = oO oT =s>Dto 
Sec TJK~AOC™=US <vanmo™ ao“ IANA AGP aN xIrcoe 
° oF REDE ° ° ° HHH HY © ° ° e oo Dee + ct ° ° ® Oe +o Hw e 2 





DO OAD QyAPD OPM DRS QGP AN OD DARD SYD FD ODP DAD HASAN OM DROHMINMOALPNO™ DOO 
omen al wena cod owed (NF NY ING OAD OD WIEN OUR OO TI oF PPP PPP POPU AIA AIAN OO ODO OO OW UP 
md eed red ered ered ee mend red eed) ced) ed ed pel) ed) red) ad el) ed) pom) eg eed ool) pee) ed) are) coed ed) coe] eed om) eed oe) ed et ee) med ee ee) pe) ee ee ed ee) pa ed pee oe oe et) ee ed eed 


9100/1,125 


sc 3 
ef7 


qT 
/ 


_w 


Rated eH 


MESSAGE 


CS FOR ATR/GRCUND 
(PAPGN)» 


cm] 
FrmAlL LS mM 
ceo! © Oo 
end @ Cy cd 
CMM GEO 
meee fe 
ecOe emer 

bod ~~ 

2 us 

yD e © 
ae 2hAaST 
e= CC 6S GO le 
pone ) ems ee et pee 
ho Aj ee fee Me, 
Ce UONCO 


a= a= “sO 
Seac= ss = 
We Ol MUL OL 

~ —_ ee ON 
eS Netaee 8 
(Sat ONO es 
ZS ew oo ert 
PA TO em <f Cy 
Ta nCClad o@ 

® e e 


MESSAGE PRIORITY 
GE LENGTH (LSITR). 


S (ASITR), 
MESSA 


(OSTTR), AND 


MESSAGE INTERARRIVAL 


MESSAGE DFST INATION 


CS FOR SITGR 


— & 


OQ ee oe H 


oO 

© 

AJ 

eS 
reg AO 
OnsG CC Ww 
oC = o 
ones 2 
(Sa eye CS CL 

cry ws 

> N 

a o 
a ee a on 


aaa. oc sc™ 
ww ote dee a, pe AY 
Ww al atNO © 
ZO Ne OZ 
Se ers oe Cae 
Ww su MLL NL oe 

~~ a -_ “SS 
COa wasn ceo 
me NY poe SP eet em et 
= Gite SP © 
UIE aA PIO 
INE wo ruc 

se e es 


t- 


64 


+ LJ oe 


ow lL 


oF eH 


OJ 
Rew 
ry 
= 
i 
wT 
0 © 
o wo 
LEN r“ 
Bes SS 
© — ~*~ 
~ e © 
DS —~_ Ww 
w ~ ~ 
= NN OO 
N — PP 
oO & e 
e os 
~ oS 
> . 
vf ~ - 
~~ a SD met WO oe 
we Otis 
oY e eee se 
N eee ACU R™ 
One eee. 
a Miao Cae ee 
“ ~ Co 
= mr re 
uw ew 
ae OT IEN G8 
1c le =o 


ww ee (ee Ope 
= Sr oe ie A 
Cot OL e& 
2 ef2N2 eZSO 
St Ola oe 
iru uu s 

e @ _ ™, 
wa tj WO 
aTcaAa*4GQ 7 Qa 
totam oF 
Dee ae Peel 
CHA MCS aM 


Ct + ee 


3 

2S 

2 
RN3,D6 





AAAI PUVOM OPO MtQgrma Pwr BPO USA PA QM DPO HUM pod DFDHINUMTO OM DRKOANMH FAO 
Pao fre Pm Re ee Me MM HDD D VV VDDDAADS HPPA A AD DO OVO OO) 09 0) 0 eet cet cand eed eg oa eet ord ad AI I A IONE NIN 
eed ed ed cred cay ore Od med geen werd ced eed med ond ome pnd med run] Oe eed oan ome prea od end ed med wey a A OY OIA OU SION ONO AG GIN QU NICU NGI UIQ AU AI QIN NQUGQU 


ve) aa, 
Ls as Ch 
J << Ww>DOo 
<< 27Oo Oat Z 
“A — Zam uJ 
Ww wo SY ad 
ut xe Ww 
= <I e ly ely 
cm Zz UW 
- wy) im <f 
-_ bm wth 
= ae =a 
” —2 — Ls 
tt ad Cs 
oo Ls ~ > 
<< (32 aio 
i <O ec) 
Ui mee cou 
” MWe Ud OS 
=a) @ us<t =—WwO 
<{—— aa Th ty 
> p= mt Weoyw 
pans (9 Mn XtwD 
et) asf Wm 
mo Cu <x 
< ud mS >» uJ 
oe =_ <tr 
td <u wd «(as 
-— = Wo wm = 
ae ome <f Sus <f 
mm 5S awn Aa 
uw = =) us <£ 
om Lid Und Zu =n 
° Coo ao pane foams 
=~ << eS pow ome LL 
~ Mus i) e mace 
© Wo _ LL 
oO UL) «<f wt) mA 
=W) OW Z2[a.u4 
uN WwW og | oe | 
oO r= Ud =o aM 
° w= =~ O<tn 
~ << © WO a 
UN WoO > = 
A er — Wil @ 
© - a << C= e Ulm & 
— = Cc <a YC 
e ® ~~ oe i) <Ow cpm 6 
—_ 9 om o am) Ie 
pp Ph de 9 Per © Cawst NN NN O A CEAUIL) CIA “A NAD 
eqn ate Wm : a) to ) a) QS Ee ) <= — od CoN CTS ml — | =] 
TC eae @ SS em of @ uy o e eo oe > pa QIAIAU AG at MIO MAIN ORK 
emens ecCan sors 8S. nN Mm WN OWN Lis ~—o NN 
nao C= 2s eZ Coe ae ae ae ae cea RCINIQIAUNIE BR AIEIOAIONI NAS 
LY w Cmyney Le ef wf f¢ 2 eA ay ac. € © 646 6.0.6 46:A.6 fa: 
-—_™~ = sn N= —— = 
~ UN SPO uw fh Mul i ce 
o = > om ed jo) ease) 
“Ze mp OSC IACUN = a nme ae eee aapoe ts LL UL Ob tia Oy 
wmy ——- CNC C mem merely SG aS SS mms ee 4) ee a es ed ed ed ed el 
omit) Ue es et Adame ett ee Con, eas Sao So oe SS 
Qe e wet pe Oe em et mtx he Lees SOI Ieee aici ow oso 
~=aO au) 62 «22> SIA 26m 2 aN LL ome fone irr ews  .oee vonage 
NZ Kw BST ot eel SSCDNZS OS a I<ler(“Rfigqaedd at 
ele WM WNW ew e Aw DT te Mh BML ALL & mFS > > Da a a > ee a a 
UA lon ~ e UN = = = eam 
ene = Oe SP ~ ~S = | at OTS FLAC OKO auc 
~~ = UNM) © WOUs==OS SOD IS DOP DD et ed ot ot CD 
=a WOW ew em WP tla WAL PUY UMUOCE AAW 
emlty SUA SS Un Sau Ww aru ; = Zest 2emen seas ets 
fj © INGA. © LWA MCnwu >oO PVPS S>>]a 232 >>>°>> 
¢ OX OHH e © Of o> H # ° e e oe wt Hq ett Hw + t+ ¢ 


ices 





EN Die 


This appendix contains the input statistics used for 


throughput State IV. 


1856 





— 
z= 
LL oe 


QW MIN FLD OP DP © QO FINO OOO MNP DOM DRONA FUVO ™ DPLPOING FAOMVASOAMINM FAO 


La oo 
— = 
<2 
ez 
” 
> 
i A 
OM JF a 
(Lat ome Fmt fee (} 
HAs BND ud 
I= —_- <2 
“Zo Num <{ 
zroOroa =—=—MN WM MAX 
ew) IWNS< 9 OQ Oo Yt 
weil LU QJ LJ. 5 
me OS Se TSI ” =a 
ft.) wee eee 2 =) LL 
Mw OW z | 
x= JD ee yO Ly — 
JW vY¥re Dre D2 Ce LL 
J2eReuwdt Ca D a5 
watvOr- eOTe | << 
Xl VF"n ITH D = ay 
Wel Le Wd. In) 
_ 2Sur Y wor LL) 
wesda=CCrz eO _) = 
it Noe" = —_ Lid 
LNG we > => EO 
eS sa Ss “ <Z 
ea wl — Sd 
Cry ope LUZ b— 
Wee SEU MLuy <I aj @ 
WW De—TwWUECCHeN — <— 
mm me LOmRgRe=o Ww A >a 
= mH Wr Wom ome 
LWA eee Ca Lu =) 
= —-— ZY we eKww oO eZ 
= <Am 355 ij © < <O 
Saat 2z aa) = 2 “ ec 
CS Sa Se 2 ee CD) Ww lis 
TT — —Wmwis uy p— 
mre TD like pm = =o 
Arey Witla — ome 
WO we Piru (Ld = 
OmAm 2 Od tf ea LL) «<x 
ea— S72 «ac ‘= Ca 
SBN DUIS od WL <q 
ZT me OH LI tJ We 
C= vex e = Ss ral AW 
— ED Ceawectd — LJ ay 
e tS 8th ANU “A i. © ay 
C= TOY) Cae 
e YyOoOe—mnec CHa" eo WW 
SS) Seas Ww wke — xr. 
= Z LEGS SOrem Wk —aI<z 
“uw FDO fe z2 << =< << aw 
e Cerucd autre ee 3 =W" 
Ww S&S mS ee CWS —=* eqs 
oe "Sr WUE IM me) — = {oF 
Sa lanaCc =- V3 = > 
= £tVORP Ow ee aes) <I o 
WU At TMWILY = =o 
o CS eit CME LL 4? =x 
S.A Mic Cut aat&whH oe ra 
ain. tm ey oS oe = s 
ZX Suku = WJZo a Lae 
Com a ST KL ee —_ c. 
Ieee OTS> & =e Vw 
2 <e A) em lutu < es a 
CGw Wea CeO eel —> © 
mers SPlit Jus <T J pom fee seme 
ee cf ee Oe LE <5 Sime ry 
eee CS ee ot = —o o 
CSN OTe ES eae mW 
eae oO ome Wl od Ld i <q = 
Com S22 Cree tO ate mC 
SVre Sade Ce ceo — pane WO. ~s 
a) 
© 
=) 
tC EKER HHH ERED HEHEHE HD HE 
Seti: 
co 
Sz 
=i) 
ce 


066,954.69 ,9/ 941k e921 2/1514 


4.95415/1,18 
»° 140/1,160 


marci ea) © 
coipane GEE ec ete a 
— Onn Cee Cee SS 


6 ® ° me, 
Seu eNO 
AMO KAMmA Ay 
W ety eo) > & 
2z_N2t2mnau 
—MGo GOS 


MESSAGE PRIORITY 
AND MESSAGE LENGTH (LSARP). 


S FOR SARPAC MESSAGE INTEKARRIVAL (ASARP), 
MESSAG® DESTINATION (DSARP), 


C 


I 
’ 


; 
) 


Lhe 
owen OE 
bm «f 
<7W) 
no So. 
WY —_ 


oo eH He DH 


© 

UN 

- 

panel 

~ 

om] 

vr 

vf - 

A Tf WewD 
oS. fas. 
- - at = »@ 
N N ANON 
“Ce 2S 
are anem 
Ne = - 

- D Sm 

=— >. ~*~ 

Pi el on ee 
Sec. 4] 56“ 


rns 
aAcana eA 
ina Oe ls a ee ae) 
ff -< eci Cc’ o 
WMUYADW iA 
atl woONnounN 


“RH 4H |G 


AF eh cy mnt et ced cmc mead wn eet NY ENS NL ONS NIN NG ONE NEV EN DN EDD VE ST OP APP PP AT TOA 


RN3,D02 


RN3,CT7 
L914 247.95 932/.971¢64/.983,380/1, 88 


ION 


LON 


t 
6 
T 





WLAN OD YO Oe ee fe ee PPP ™ OOD OVDDD DAP PPRPALAR PU VOVOUIO VL ot et at ot ot 
ced ed aed ped greed eed eh coed eed ond pred nd md 


99, 7/1 sh] 


e 
OPS 
CON 
eo ® #2 ® 
f Doh mt 
aa 
xe ew 

~~, ce] 

uN @ 

oo ~- 
cee 
coe e 
— as, 
ENERO 
CNS eae 
a = o 
ae UN 
hee OU. 

e © 
zs =™“ 
2) omet COSY 
iL oil o 
INAS 
On Jo 


° Op» % te et 


So 

on © 
~ = 
= r 
~ od 


e e e ~ 
2 ENTPNTO 
Wd OO CD met CLS wot 
ti. LL elk oL o 
Set LN pian nes nh ln NS 
qImeqn Oca an 

9 e ° 


(DCLAS), 


P/SHORE MESSAGE INTERARKIV 


SAGE DESTINATION 


SHI 
MES 


ee oe 


oS 

wad 2 
wo o 
- = 
os ~ 
~ Oo oOo 
rem —_— PP 
Od o @ 
Co = O 
pe ~~ OUD 
Or fre ° 
e = ~~, 
~ uw © 
oO ST <s 
= e > 
Seg} OXOCO 
oma SVs 
aT eo a * we 6 
we CoN 
i a = gr 
ty cr Ce ee UN 
—) ~~, = 
o uw ee 

OM - & 
Zrm2MesNs ¢ 


® e e™ 
LA™AI™ ZI™ ONC 
LON EE gy et 
aw *. ©, oe.) © 
UMOMOMUU 
esanch le 

e e ° 


or 


Ob wed + + 


La) 
3a 
omg 
~ 
NN 
ph 
= 
Oo 
Oo 
e 
~ 
So 
+r 
- 
med 
Oo oat 
® yaad 
~~, ro 
AN vad 
ile ~ 2 
Per US er wo 
CHO Ceu eo 
of @ 2 @ eon 
CA eA SAP 
= See oe 
are cf sal 
N ~ = 
2 oO WwW 
Ph o Oo 


ZOaeeMAZ DS e 
ase] 3 BON 
ame Mee od ge 
je De SN Ne A 
Came OS BID 2S 
a2 @n oz ow =~ 
Sis -F SNS 2 

a 6 6 =, 
et ed “ed oe OD 
to Dl ost Ll) wes ot 
a2 est eZ eg o 
jaVnu DDS LS 
INGAMEMmaN 

e ® e 


MESSAGE DESTINATION 


(ULWX). 


MESSAGE LENGTH 


RN7,C6 
2224/2. 66248/.96,72/1,60 


AND 


Ry a FOR WFATHER MESSAGE INTERARRIVALS (AWX), 
WX De 


Ct te +b Ht 


ell1/.94e1 2/1014 


RN7,0N6 
»10/.59 


ON 
of 
ON 
53 


i 
/ 
I 





BY OP DP OO SAIS DOP DA] Me NOPD DPM OPO AIAN MOP OP DP DO tM FINO DPOKMNUMATAQ™ OFS 
ek cant met ome et NB NEN OSE NE ONG IN ON VE VEN SN RD PP PPP PT PP PNA AAD WOW OVDOQOUVOoP 
med a ed met aed vee med med ad ome tt coe ome mad et mad geet mt eed eed md pee se) eed oan) med nd ced and ad ad a ad end ve et oe) ed pad de ome oad gad ant ed ced = eed tt oe od mn ome 


> 
= 
>» — 
== ~~ fo 4 
—_ _ © 
Be me = @ — @ 
wo ome CY oJ ow 
<f otk ome O. pea 
wu a= << S Wwe 
1) mod “” ah om 
Lay Lhd oud awd oe 
= Wi (>~— Uj = iw 
Oo <{ ae) A 
o<t wx —_ 2a 
—N Ab Wb =r 
awn" Lied wid 5 
Ou Za Lu a 
ez uu = Ww omUs 
«< & od ad SM od 
<q - = os 
wz or mw au 
< t— (9 dC ome D 
A ome eX af <<f 
— & MW) ZW) —w/} 
<— <Vy Ww Ww 
>= — LU <u AW 
mae A 
a «<ft al © MGS =Q 
Ito <2 eames — 
OL wwe > <{ <<t<_ mt 
Wu | = ~~ Le 
ge — = uN <e 
ae fo cm o a= 
=i oe <I Zw unt — UWI} 
-— CL bh Ia ~ - = 
Li <f LoJ See wo ae 
Oe — > Li) bo NX © — i 
<< zO rm - ~~ oO 
Ak = ae aa wr a LS ws 
MWY ~ oF Lx <3 
Lu Ls ws = ° — ~N = 
wv = Gc ec wc ~ x» O i> 
NS <{ = CD =m O a mee 
= Sw N= <i mn ~ « LS pe 
at V/) <f Wig rT N O =< 
= << Lid «Z Ae Cy a OS a 
~ aw > a) Li. = oO o ° LiJ =e 
© “wh —_ =-— ° ~oOU™ aim 0 
© Coie “ZLwn" Se W ~ fap {sa mie és 
med Nata Cu SN ws Ld °F e cele a 
- cx — _ as om ~ = nto = 
Ae — & PON Fw = feet NM TH =x mem Omom = et SO 
V3 fi aim uN sce |S MAW onmo Cc WO Rew Ueto Cao =u GWUre a 
=» @ Ps, e ew a o a ti eA a a a ee eD o« ea e @ ® CD ef ea e 
=n, fos {ehe Canam DOC <i amwtlINO tet re Nem CUANIAUIN i A ei 
ew Cae ee a2 of Cairene me O a sae ae Cie enc “ee pe os EeOMerann a ar 
crt UL. <f Stra Cm Lv a ~~“ oer & “uw Per SY erm wy TAK 
° fat - ~ Ls = tN Li CJ ~ = bas e 
“A Wi wa = uN Wr wy fea} Ys = ~~ As ~ 
ad Ww @ »e © eS) oOo = ) Ls e WN ) L 
=—-* —_— PS © FTSZ Z2ALCT me FF or ch om —e FNC SIND me SNS > 
an meen “TF TD eo mem CNCOUCUlUl OTN Ee Cel C™TN ea C$ eClmsc 
nes SD ome Pm eg ee oe PY eee OT et es oe Sd me ee es pe OO WW ED eww es 
t— UN =e Oe RS mime fee Ce he =O RATE ee NEA — Tf oh oe 
 o Retin. Wms CASO hoe eNO me S Ue Ct ow e el i he 
ae Ieee Ter SZ etm QW DONS or ™ Ir 2 eZ eZOD i= ZoZzn2a 
=<. = ao] } — = DSN= iA oO eA ANSNnzaDe=nw eo Set eS 
id, @ MA—=™ Wav aL OuUwo Sumer Lh Oth MUL Le we imi etL Ok e ue lk kL TOLL 
™~ o om ew ~~ OD .-™ * D ._™! CG D 
uw Ph i a a QOYX yee a ad ea JO W sf)? oh 
N DDL omet™N pre ees me A bees fee od AWA A TOM ™ F™ 
an yy ey ag oO — Ot edit Oe Femme BZ aozw ea <_cecnwa 
zh AN ag OT MMW) an rir© Sh ae Pheer — aa Sm 
wud om ENA SN eo IU we OS FP a Iva ncowm Ivan 
0m % eH we ° ® ¢ OF % Bee ° ° e ot HH ee + ® ® ° oe oe id ° ° 


169 


ATI FUN OM RO mt QQ PEN OPH DE OD SOFIA SO OPO mt NOPE LAN OO DHOPFOSBMAIMO FN OPM DAO asa or 
me Pm Mn foe Pap moe fe Pm Pe TTI OND) ODI IP PRPS RAL ARO OVDV0 C0 OO 9D UO eat ct nd et ret et et et a ed NIN IO OINONION 
td nd ceed ed eel ame rd mel gd reel some eon ened corel pe eae a eed nnd eon ed ced oad eed god ood ome OO OY ONION AION IN QUO AG NIRA OU AIO NONI CUO ONIN AY 


wv = 
uw ad Or 
Se) < WoO 
< Go We ae 
wn” =~ —qnu 
” or <f > ad 
Lud a WY 
= << « uy etl 
gw = wD 
o Uh? U9 p— <f 
~ pm 1) Ww<<w 
— z= rx 
” — r= WW 
eS) ~ oo 
oO Lhe ~= 
«<{ ae Mere 
— <O ao 
= es 
“A uk Woe 
—_ @ its <f eNO 
<— Lz Lp 
>-— — tw? 
— Wir era 
to <-_W) We 
~~ Cw Te 
a | — cS a Su 
a= ~~ IW 
UJ Ti a es 
~ = Ww wie = 
ar mm af Cus <f ; 
mms ee a. x 
uw ae 2M us << 
ct Us us Zu =na 
= Ow ee ode ome femme 
4 oO pm one LL) 
~ rend QQ = So 
Q Wd ~ UJ) > pe 
wn Lset ie bm AJ 
- > ae) Ow ow 
wt WY Mw QO = 
oo LL =-a =z=W 
° YA= _— can 
~ < oS oo 
us WO ) = — 
™ ears = WL e 
oS = << Om like > 
—_ ond Ce z<a-m wdM& 
- @® we <x OW om~ <Q 
— ° Av uN Ze Io 
~ Os — aa = ot) - 
~~ UM wWwews ca Com NM MO NON wilh ANIA "J AON MA 
eLN =W We | (oo ey fey fee) < =e msl CACO mt —t emt ol 
DB ee sa om eS eo Ww & » » » > DIDI AI AS tome ARO THATATON 
eM ag rtm wsN wre ee, i ey te Ls ~~ QS 
™ a. Cw 2 Se ot 2 -_2 8 a Sao NABDIAIAIN AIA OTAIANIAAL YS 
QO «0 Le LNG ~ oe cvs a & ww a ac eouUs Maeceaaaanns&6¢ ad 4 
co Lek WC e. = Wt tu = 
> -_ Oo= me Oh aw ces 
=e —— SP PUN SIN _ aie Se, ae ae lee Le RES RE Ce ee 
WAC? ee CHCl! Cm eo) eS eS CUO ~~ ee ey es oak ed 
© ome LN _ me ee yam meets mms Cae eG Ge Saletan (ec bi eeleel Galle alootfan: 
Om a mee me fee fee A pee ed wee af pe fee ee eee cf ed lef ef eley <tc” ff i<r 
ect —, OOeuNgon IW ces ony ) ©) eels Ce eeeey CTO Deed Gene CSD Gee GSD Gems Ga pound PE pee Ome 
~~ ZO IM 2 as og ft 2£Oa2a 2a an LLU wee bee Seles (od PAD Aled leg Balak (0 6 (od fa gio 4[o 4 
NDe« KL =r{tac=ae el SODPNF Dd&~ aoe Aeteitiicgndaed rtd 
uw © MC Ww eum @ Vim SF te wll eu AL e pone ee P>P>>>roe p> >o>> > 2° > 
ua oO ™, e uA — aa o — 
°NO pm SN em Se fee ~ “SN = OOS! MANO FUNC MOS Oe 
~~ eo Mam WOW ms WLS SOO OS OO a et amt ot (9 
“awn ) et els WM eae VUE YY NU 
ames eAccw ayy Ww elPro ey ea SSS ee 
MNJ = ana e ASA NCW ew 2>> > SP PSP [> lS2 > >>> 
oe CHH HHH ° ¢ Cte DD De eH ° ° e Peseta ttee ne & > @ 


io 





Peo CwOte RE PE RENC ES 


United States Coast Guard Headquarters Project Master 
Plan Narrative For Communications Station Automation, 
G-D 2000A (Rev. 8-80), dated 17 May 1982. 


United States Coast Guard Headquarters Resource Change 
Proposal 9810 For Communications Station and Communications 
Center Automation, dated 9 March 1982. 


United States Coast Guard Communications Station San 
Franeisco Organization Manual, dated 9 May 1980. 


COMPACAREA System Control Station San Francisco Proposed 
Operational Requirements for the Message Processing 
system, undated. 


Semerperssihonds J., Simulation Using GPSS, John Wiley 
and Sons, New York, 1974. 


Periiver. PeA., Kahan, B.C., and Probst, A.R., 
Selatton Ween GPSS and GPSSV., Prentice-Hall, Inc., 
7G. as 





Cee wisthusullton List 
No. Copies 


Defense Technical Information Center 2 
Cameron Station 
Alexandria, Virginia 22314 


Library, Code 0142 2 
Naval Postgraduate Scnool 
Monterey, California 93940 


Department Chairman, Code 54 im 
Department of Administrative Sciences 

Naval Postgraduate School 

Monterey, California 93940 


Asst. Professor Dan C. Boger, Code 5S4Bk al 
Department of Administrative Sciences 

Naval Postgraduate School 

Monterey, California 93940 


Associate Professor Alvin F. Andrus, Code 55As 1 
Department of Operations Research 

Naval Postgraduate School 

Monterey, California 93940 


Commandant (G-TPP) uy 
Pomamre of O44. f. WOLF 

U.S. Coast Guard 

nes metons OU.C. 205990 


Commandant (G-DST-=-3/ 54) a 
Peen: Li Jd. Lentz 

Meroe Coast Guard 

fesnimeton, D.C. 20590 


Commandant (G=-PTE-1/TP4l1) 2 
tes. Coast Guard 
Washington, D.C. 20590 


Commander (ee) al 
en eo 5 LOeCZen 

Twelfth Coast Guard District 

630 Sansome Street 

San Francisco, California 94126 


Commanding Officer iL 
Mores. Communication Station 

San Francisco = NMC 

Een eo SoU 

Pt. Reyes Station, California 94954 


PZ 














Thesis 

w693 Wolf 

c.l A communications 
traffic flow simulation 
model of the message 
switching system. 





